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ABSTRACT 


The so the «lM$nktMtle behavior of rutile Is 

solutions of various electrolytes aad ^HaasttClm yetolisl of glass sad 
rutlU lam boss nporttd la His dissertatlse. 

s^Tit Wlnn potential studios km boon serried out as nitllt 
sad qteiinl alwts bsadi of gists la KC1 and BaClj solutions. to cheek 
Du fftj f i ML Ht y si DMi $§§ntt# If ^ n 1 1 1 1 m potwt 111 

filiiUtiiiH iif scsmBmi Iw Imm* mA* m •l#ctTopho?vti€ mm t tiRipsrt 


MiiKt&l iMftwf Mnticil to ftj rmi vlttis mw riicstil wgiiis » 

A son aetfcod fnr Hading His ml^t s f solids between electrodes bos boes 

mAa Ot&d |h «* tlilik fkn W BMVlMtt MtttifSs 

BlsstnUsstiss Of mils (88.9% TiOj) of nlneral origin hot boos 
Stalled la solutions of KC1, Bada, AIC1], Zr(HOs) 4 , Xi^^.ll^O, ssdita 
elsste sad aon-lonio ssHsmcHis agmt. lassl so tbs soft dees by pr ev ious 
Mrisii! s eso spfiwsSb to tbs wtllsmtsr interface bss boss adapted* Ybs 
location of aboor glass shore ssts po te nt i a l is asasused has bass suggested to 
bo st tsss 4lst— s beyond Pm solid surf— is s sogiss of gaostost 
disssfsisstlsw of Pm liquid adbs. this disorganisation avisos b s — » 
of Pm s p ps siag otdoviag offsets ss actor solocalos s— tbo surf— sad far 
Is Pm hulk* The electrokinetic results bars bass explained as Pm basis of 



1. INTRODUCTION AND LITERATURE REVIEW 


U lata jgUgtlri i The concept pi ftp potential has smlstinlif4 
the science of colloid dundstijr, Met only does it explain the behaviour 

tf a suspension In chemical animantt, hot has aade a a t h en a t ical 

who observed 

tr aa taa mt of eolloidal systems ouch easier. It was Reuse /for the flint 
tiu (1S08) that when a potential difference was maintained ram a 
porous ping ef wet clay ®r sand separating two portions of water, a flew 
of water occurred frow am side of diaphragm to other. The observation 
was explains* by aastndng that the clay surface was charged. It has been 
recognised new that a solid on contact with an aqueous electrolyte sefettira 
will acquire a certain charge density localised in the plane ef its surface, 
which will he balanced by na opposite excess charge in the liquid phase* 

An applied voltage will therefore cause a relative displacement ef the 
ch arged layers. In ether words if particles rawed in aqueous medium from 
am position to another under the influence ef seme external ferae, a 
potential difference mold be developed across the two positions. The 
electrical potential in the slipping plana between the flxmd and flowing 
liquid is celled rata potential. 

The concept of seta potential (ZP) has been used by ntneral engineers 
in fletatten whose the dtetra ef collector often depuds upon the chaffs 
on the nines*! surface. Besides, sate potential aqr be correlated with 
the coagulation property and viscosity ef suspensions. Recently, interest 
has bene shewn in separat ing the gang as ft on the era by the so railed 
selective flocculation method*. A knowledge ef seta potential would be 
wraffcl in the understanding of this nsthed. Considerable work has been 
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dona on fht i am pmstial of biological ajotm. Reddick 2 ^ in Mo 
interesting wnk has Hacami tho veto of sofa potential In cardiovascular 
gygtMSo 

1.2 SoMnootatioa potoatial t 8m 5 ^ itmrand la 1878 that whan 
suspended particles am forced to novo through a liquid in response to 
gravitation, a potential gradient is generated in the direction of 
■ove re at. The potoatial so developed is called sodtaentaties poteatiai(SP). 
itsdt^ (1913) while using organic liquids was able to harooaise Ms results 
«dtb the faMlIor olootroMaotic equation of Sn o In c howrt A 78 ^. In 1942, 

Quiet and Washburn 2 ^ obtained sofa potential of class oostlclos in water 
bp sedimentation potential Meas ur e cent . Their design of the a p pa r atus lias 
boon nsod till now with slight modifications. Elton asd Ometitors** 7 ’***) 

I n d nfin &§ wnk& cm fiytsij till eg y w f t gl#g j t# # g twl n t # tfcg 

iota potantial directly by aoosnrlxtg the lodln cn t atloa velocities ef 

fW t,|gj#f In gj pffW fyftgff#, Ikmm tf g yf Wf Mi MtlMMClCSl 

^ J __ J1 _ J U , ^ nilr .,„ 1 m.rf^ae) 

9|l|}XvJuinK% Iflag %Um o^UtiOCII nli H>U1* gJbwBII ®UI WJUtiSfi®* 

Artffldutd th # gg%g prtffBti#! of entonata In a queous solutions bp 

isdlnsntittoa potantial method. They noted that negleot of s n ri a o o 

111 

conductivity could load to sorioos errors. Om& et al found that 
sedimentation potantial was iadspondant of Mss of tin particles os long as 

Imymrt hicknesse lit m 

an l M g xpgy jMPt al gtfidy ft igdiimut itl if jN&Mtlftl of jgi ass 

pgytl g lyg It notgy g»d tilfate ^4 tlUga* Ml glssg )MnrttflM 

§n ttlutai gti tHgf» fiiy yy f t^ai^ p M fct iM t of 

tho also of do oftsetsodos. Thoy amid sot intosptot tho potsntials obtained 



ill nOBHMtueetis sedia on the baste of eiectroklaetle equations. The 

•xperisental Udobiw used by then w» siailer to the* of Cdst and 

Washburn, except that panicles wire previously equilibrated with the 

solution by pxolanged shaking. Peace and Iltan 15 * in another series of 

MpifbWRti noted the sedimentation potoatial developed by five different 

solids vis. pyrex glass, fused silica, silicon, Anted alumina and 

easfeexiandus, In Eel and Iael 2 aolatina* caocawtrntien ranges 

l*y m ir 8 *!. they censidarod the affect of to^ioratare also. In the end 

they emphasised the need ef stating the nsthed of preperatiaa and cleaning 

the surface idiieh affects the measured potentials, toy 145 calculated the 

seta potential of quart* particles of graded site in dilute Eel solution 

by sleet ro-osiwtic and sedleeatatlett potential methods, the values obtained 

nose 124 Mf and 133 wli respectively giving a satisfactory agreement. Rastegi 

mA MU re 151 soaatured the sedlnantatien potential In pyrex-vater and quart *-wster 

system. They coloured the values of seta potential so attained ul^i that 

ealc al at od fym ele ctr op horet ic nobility. Irreversible Uiarna dynamic theory 

nan developed far electrophoresis sad sedineatation potential. The trees* 

phenenenelogleal co-efficient* rare evaluated and Gnsegar** reciprocal 

relatimship ms found to ho valid 15 * 1 *). The ratio of sota potential oaapntod 

free sodUantatian potential and electrophoretic nobility urn 1.6 for pyrw- 

vatar nod 1.68 ft» quarts-weter system. Since the glaas particles canid not 

ho ebaorvad visually (to calculate the sedimentation velocity) , thay naod an 

optical assenbly by idiieh particle aovemnt canid bo acted. In their 

second publication 1 ^ they gave a asthcaatioal expression to IneSuda tho effect 

17) 

«f s mfac e cenductaace to calculating the sedUmtatian potcntiol. Cohen at al 
have dasotihod n natied to datemine the aadlnootation potential of caaUo 
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1.5 g*t» paHttiri rtf Rattle t Considerable work has been 4aaa regarding 
tbs elect rokinetic phe no— non of rati Is and anatase. Grahaa and MatoiyW 
reported the sera jelat of ehngi (ZFQ of beach sand deposits of mtile 
to ho around a pH of $3. Parnell and Son 1 ® 5 reported the ZPC of high parity 
(99.99%) synthetic rattle at pH of 4.9. The addition of Noel (l<r 7 »0 had ao 
offset on ZK, While MagSOj re d uc e d it and for Cut} (10** 3 M) the serf nee was 
always positive for the fit ranges studied. They also stwdlod the effect of 
sodiun oleate, sodium liaoleate and sodiun Unelenate In various unaatratioi 
at different values of pH, they explained their results on the basis of 
adae option aad nature of snrfaoo of ratilo. Haber Otto ot al 20 ^ reported 
ZPC at a pH of 7 for U£» purity ratilo. Kogan ot al 2 ^ and Msdevedev 22 ) 
atudiad electraklnetle proper ties with pH aa variable for ratilo rad anatom. 
ttrana 2 ^ reported the electrophoretic nobility values of ratilo pignsnt 
mm pH m mwii mmmnnmi ruaimiu « u ; w&p&tzim w iw m ui 
mmei #gf m^gahosoh&tes* tfiDbosihftltf # NmliR0i& pwrf 

Sakaaete^ s yMJ 1 to find the dependence of oloctrakinotic potential t ni 
a nrfi aa a acidity of ratilo on its host tsoatanrat to clarify the eKtssedofeien 

. | ill i t .iMiif y lf 11 r<ti in m i .ii ifim f_ nMi r r « m-t I m«i a# i..ii«r I Ili.ii^^ 

or ayuxoxyi groups an tts surraco. m oraar ser.es e* aspar tsont a . tnajr # 
reported the effect of electrolytes on staples calcined at different temperatures, 
the effect of tram water on seta potential of ratilo In organic liquids like 
fanptrael, altra bratsae , aerosol-OT Km bom studied by Zettlenoye* 27 ^ , 

HcQ ow a ot el 28 * 2 ®* 3 ®} and Meal* et al 51 ^. Effect of serfam active agents 
on the sots potential of ratilo has bam studied by Makie n mra et ai 32,55#3 ^ 
and Kogan ot Kogra rad Besilovieh 35 ) studied the effect of varying 

dlolsstfic constant by uaisg difforeat otgmic liquids on the sets potential 
of rattle. Recently Bento aad Bo Bruyn 26 * 37 ^ km studied the adsorption 
a t the rutile-solution Intorfam. 


1*4 Pappeat end SSSBSL SSL JESBEKS SS3& 1 ***• P****** w«*k *■» be AvlM 

in tw parts t 

1) S 041 &ra&fttl 0 ti numiKit Mi coapa rlaoti el t* iwtrurti il 

«apiM fws MdisasUlicR potential tad il tm^ wtHe aaUUlty 
MaMMd in electrophoretic aw transport analyser (Off A). 

2) Zata potential of rutile la different •ieetnlyUs. 

the apparatus and aethsd for imlluntat 1 on potowtl il studios carried 
out by o ther authors so for Wo bees anno or i««t mho as auaes aired by Qulst 
and Washburn®} and this aethed involves aw difficulties and errors. To 
achieve a leduetiw la those difficulties and errors sow changes in the 
eecvautleaal aethed of sedluentstien potential w oour o wa t were ceafeuplatod* 
the sodi a o Btot leo potential studies have haaa carried ant w rutile nod glow* 
The suspending U<p l4 la both awa hoe been voter containing varied «— ■"— »*r 
of Kel ad &sel 2 . The sa t r o o p o ndiag studies tarn hew eede with UffA and the 
two results co o pered * the purpose of owpaiiew being to dad tin reliability 
of tho aodiwatetien potential nathod. The ewarlaeate w gloss apexes note 
carried ont to study the effect of g eo w try of pastlelea ea tho co ap arla o n. 

Tho aata potential studies carried out hr previous authors burning a 
fan, tare beea w pure and synthetic rutile. 

la fto pres a wt study a aiaaral gfada of ntila (frwa Indian beach sued) 
has haea studied la aqueous solutions of Kcl, Saslj, Alelj, l>(hh)4t 
Ih^aONja, i.e. la solutions containing cations wd anions of variable 
valency es wall w solutions containing heel and non-ionic surfactant. Present 
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above electrolytes, so that mm light eonld he throws os natural rutile * 
selittieo interface sad rational interpretations eonld lie ascribed to the 
flotation b e ha v iou r of mtiie * collector - eoderator system. 



. EgBUtCffM. SET CP 


2.1 8 i flwt« li« Mwliil t 

The nynrtMi Mflajftd ms identical to tktt used by Qulat «4 
Its Hsgr-iitls MpnswlstiM is given to ftguso Mo* 1* Tbs a pp a ra t us consist 
of s vortical tuba basing two pasts* an upper s eapo r t east or *HeU»f R * A 1 sad • 
irumr eofliifiitiflfit of tobo 11 * Ite two mom #wMCt#di 

by a 3 ■«. stsptMi f $g* ani s side asn *1' which alas had * stopcock *Sj*. Hm 
Ismt cospartneat bad tiaw ground glass joints I, 11 I III sealed as shot® to 
figure 1. M the lower sad of too settling tabs 1 oat. As. tabs alto a sttpeed 
»Sj* was tosed. tbo three grand glass joints tewed ta potato insertion of Hu 
ols ctro do s which save fixed tot* toe tosida pasts of grand glass joints. The 
side am »>' was provided to posadt too aoooto flow of too liquid fsoat tbs bold* 
Into tbs settling tube. 

tbs settilRg tabs ms slsctrlcdly shielded bp awn si a vise screen 
grounded to o water pipe. 

Tbo whole tabs was enclosed to a wooden box width could bald too babe 
rigidly with grand glass joints I* XI I 111, protruding out of tho wooden baa 
through boles psovldsd to tbs bo*. Tbo wooden box bad w to da ws to panto tot 
sgmttot «r»8f, , 8j* | «%*. A stool bass with fans logs wsa designed sash to 
It. aoali bold too baa to a vertical position. 

2.1.1 gloct so da s s M ffss s at tipo* of glass electrodes isasd in tho cut 

/ 

study pr o ved unsatisfactory except silver - slim cblosido electrodes. The 
pro as dure adopted to paepsse electrodes was nose os loss tbs sons as suggested 
by »«ewn s, &. Plstims wise 9.94 an. dia. wsa sealed to a capillary tube losvii 





about & ok. of nil* outside the tube. Tin end of the vim «nt fused la order 
to r w aovo the shaxp edges formed whoa the nix* was cut. The c o ntact of the 
external circuit with the p latino* wire w forwad through i silver wire awl s 


w er c w ry colossi in the capillary tube, the M e rc u ry celtum touched on one side 
the platirata wire and the other tide silver wire, the silver wire being fixed 
i* position la the coplllssy tube thr ougfc araldite adhesion. Before elsctrelya 
w tarried out* the platinum wive was checked for sneeth surface sad closaod I 
helling nitric add. the electrolysis ms carried out in a trough containing 
0.5 • 1% KAg(0Q 2 solution prepared ia distilled water. The preparation of it] 
oalt has beta discussed elsewhere (section 1.4), it the ptetiaua made, 801 m 
evolved and A| CM precipitated ftrau the solution, Centaadnetion of the wain 1 m 


of the solution by the products of the mode reaction ms effectively tliatuti 
by isolating the mode with a porous diaphragm. A group of fear electrodes wst 
& 11 .Y& 1 P Blat#d W d s Av two to thr$6 hams it a tut*! $£ §*$ 

1.0 «A (3 • 4 V). The e loot re deo were thou carefully rimed and kept ia distil 
ASA* imviipiVRiixjr wwVp ^ iwiwi i0» sy w iww* ftfijfiu *©» mu* Ail limipr ** 


a 0.1 M * Hcl at a ourreat of 0,15 aA for eaeli electrode using a platinum mthi 

m. «m m uuhmmdtdLdtmdhm -® m wampll jAfc-jm muh. amgfc m urn- imam d i Is AmMiuitAiUiaum m Ji righihiriBmii 1 

the cwtsvnt being reversed «ar a meet flea every e • » am a to e tarewgn a anew 
pole double throw switch 0987), The electrodes after chleridiaatioa were riw 

wWwT jRI* nMAQr Wmm* Milt *w®/ WPw HHi PJF ««#*£&*# IV *1 

Inside part of the ground glows )elat, 


/ 

j 

4 


2sI4 Voltiw 




» The voltage 


were carried out by a 


vAlmi tmOw AlliHrlSF mWV MmFlVIlillin • I Aw mWmwKW WH m t*iyp# 

/ * 

Voltmeter (BC-VTM) 1 , aedel 412 A of Hpwlett Packard, USA ad*. It could rend f 
W* V tn SOB f . Besides it hnd a/vaiy high internal inpedeaee coil and less 
0,11 reading error. The uto&wrelteeter was sHtoanlt Xndieoting Amplifier* 


(Ot, No. fSSf * ») of Ms t Co., Philadelphia, USA, nske. It «nU 

ntl uemtoljr any voltage he tweea 1(T^ V to Iff* 5 V tad mm Mostly nsad fox 
y »d»d d»| tkc »DWf!W reading at lev voltage ranges. Xt hoi also a voar Ui 
internal ispedeaee ail and negligible readies error. 

2,2 B isetra p h oretic Nobility t Electro phoret ic Mobility u Miuwim ti who ear 
ant aa a Naa&aco Made! NIC » 1201 Mas Tnapart Analyser. 

X» this aothod tha ele ctroph or et ic Mobility (BM) of solid particles is 
datasaiacd by Measuring tka raw at vhich tha particles Migrate ia aa elect rica 
Hold, 10 Wta end, No Wole assedbly la (tedgal to statist at a muytar, 
filling plag ad a aallactlaa darior. Tha laa tw as nt baa inbuilt vide wage 
eons test current R.C. po a ar supply, a preset tlner and Mato* dviw *ar istotln 
We call assenbly. Tho call asaaMbly ia sotatad at M rpn. daring the experine 
la order to eliaiaoto grarltatlcaal settling of cows# particles oa a factor aa 
to dissipate tbasaal aoawatiaa currents that asy bo created by torn current pat 
through the tmpmslm. Calculations 395 shea Wat We tesparstma iacraaee ia 




SCHEMATIC DIAGRAM OF MASS TRANSPORT CELL ASSEMBLY. 


8. MXTBKIAL PBBFAMTIOK 


8.1 teltlt t th» rutile adneral used in pr esen t study was supplied by Indian 
torn Barth III. It was of beach seed origin (frost Kerala). Washed rutile ms 
identified under X-rays. The washed saaple on ehenical analysis showed 88.9% 
titaniua dioxide. 

the rutile was washed in dust free water nvunl tines and tins ground ii 
pebble nill. The graond arterial in the fern of suspension containing S - 10% 
solids was allowed ta stand in s three litre beaker far S admttes. The settled 
natter was rejected for grinding. The operation was repeated twice with the 
unsettled asterisl in the fora of 21 su spensi on. Tbs unsettled natter free shot 
was nixed with water to wake a suspension ef 1% and kept standing tor 20 admttsi 
In a three litre beaker filled with suspension to the tap. The unsettled nattei 
wns rejected and with settled natter the operation was repeated twice. 

Finally the settled natter was kept anile for washing. The pu rpose of 
shews operations ms to obtain rutile particles of rises ef very close range. 

fiK twat ® I k i toot in 10 H e* Ma i lt jit M l 

ef S0*C. The naterisl was washed with distilled water. The washed natexial wn 
leapt tor three days in it W - MCI at a temperature ef 5®*C* The nsieiftsl ma 
washed with deionised water* than double distilled water sad finally triple 
distilled water till the conductivity ef the washing water was 2 n IT* She's. 
The washed aMsial mbs dried under Vacuus and staved In an evacuated desiccate 

2*2 Class Particles i The sited spherical glass beads ware supplied by 
Mtereheeio Division, Cststen CnpaHSin, Jackson* Mlssissipi MSA. The sIm 
imgi hm l Vo w mcwH% mil m wwezn&T mfsima if vt snuii ip|N^ni«im w 
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performed m rwtil#. TIM particles «m washed la the mhm way a* mtito 
ptrticUs, Hut noM MHiial VI* 4x1*4 and ftawtf la an desiccator. 

Dm ceapasitian af tin glam M m mi Imm. 

3.3 Sodlue Pleat* t Sediun oleat* mm prepared Am olaie acid. The oleic 
ad 4 was ebtainad Am tfcs Banal Institutes fatty add project at University 
*f Minnesota, 8.S.A. Estiaaied purity was nxa than 00% aa 4*t*nla*4 by |M- 
liqtstd m4 this layer cbieaategrapby analysis. 

Hw pteaadaaa adsptsd far pr a parat isa af Baal Am aide add was slallsa 
to tint «f Kafifi and Hasai***. Equivalent anounts af oleic add and analytical 
pad* Had am tranafaxad to a round Iwttai find and SO nl. of dry absolute 
alehol mo *44*4 Cfim ethyl alchol used had bean distilled, kept overnight am 
quickline and ra-dlstllled). Tb* dole nan waa refluaed aw a watar bad for 
abant aa bear. MnapmtlA ****** aUhel waa naavad by evaporation and tin 
a y mpy naaa wa pouted bat In aoat a no ddi bad baan distilled after hooping 
overnight with cal dm cblerid*. Sodiua oleate thus pradpitatad «m filtered 
and wagbad with acetone, the dried powder waa stored la a coal dxy ploao. 

3*4 Stiver Salt t fho ailvor aalt ttsod far silver plating waa KAg«K) 2 « *• 
aatbad af pxapaxat taa waa stellar to tint af #i«a^« Tt * ffcaably pnpnl 
Ag Nag solution, filtared solution af BaCS wav addad to get a tbit* «Mta 
precipitate af Ag CK, wfcieb was wasbsd In seni-daTkneas with tails distillad 
water. An «mms af ailvar cynida was addad to bat filtered solution cewtalnin 
got patasaitM cynida. After stirring far data Half an bear* undissolved allr* 
cynida was filtered af f and tbe solution cooled. Frau tbl* solution, I Ag (GO 
wet reeryttsllisad and dried nndar Vaeuun. Tb* ailvar plating saint! on was 
prep a re d by dlssalving taeat 10 pn. af % Ag(QQg in a litre af distilled wates 


Free cyaide was nM to t rtil— hy adttig enough dilute Ag Ntg solution 
to jntlMt ft faint cloud of Ag Of. After this had settled, the clear solution 
tm decanted and used for plating. A fresh solution was pre p a r ed rntytia# 
ilctfolinis vfii tut. 

S.8 Other Chenfoals t Ail ether ehealeals used in Ute pr e s e nt staty were 
•f A»i* ®*ede. the nen-ienlc need wee Tri-propylene glycol ne e —e th yl ether - 
the purified thief l»fxedient in the eemercinl product. It mm supplied ender 
trade nans of Den * Froth 2S0 supplied hy Ben CMUad h. NUkipi, V.S.A. 

the water used in tin present nosh ms triple dist!!lad # twice distilled 
nftSt MO4 giving conductivity erotstd 2 « S * 10"* siio's. All ealenlatiens were 
dsdid on tm 1020. 






4. EXPERIMENTAL PROCEBimB 


4.1 Siting 4wly»ti t Itadwi sad dried smpls of audio using a standard 
sailing technique m taken end t very dibits mpmUi (0.01% solids) mds. 

The suspension was defloeculated by tbs addition ©f Tatra Sadism Pyrophosphate 
sad spread la a nay thin layer aver gins strip. Tha atrip ns driad sad Ow 
particles wan photo g r a p he d at a magnification of a 400 uslag an optical derascq 
fitted with an optical caaara* Tha Inage of tha developed ^ntogn^s warn 
enl arg e d further 7.S tines by a ph otograph ic enlarger and printed m a photograph 
paper. Tha toagast dfaendon and a perpendicular dinanaiaa ta that ware matured 
Tha aaans of tin two dmndeaa n» taken and altar dividing by tha total aagnifi 
(3000tlnaa) t tie also (equivalent dianetar) was efetaiaed. Tha sisas of araaad 

InWPVi J 1 tillim ifll VNpmVR# 

tflLtk glass |Hsytl€l#t § sm pxssriysi uss adopted ix^ftisg ttst total 
najpl ftea&t an m 3069 wA only m (Wunil ffl iiss miunut rt i tot t l M * psirt i 1 ^ 1 1 * 1 * ns 

spoof XihU* 

Prists (1) and (1) an tin photographs of tha rutile particles and glass 
particles resp e cti vely. 

Teblee(l) and (2} under Appendix A give the also ranges of glass and mtil 
particles respectively. Par rutile note then «0% particles fall in tha also rani 
•f 2.5 and 7*5 ni crons, far glam me than 501 particles tm 11 In tha dan range 
5** 15 derma* 

4.2 Utr Analysis « X-ray apaatraratda pottam of mtiln «ma taken dth 
Capper as ttio target aaterlal. The pattern is fins In flgnm S. Packs e a rraape 




to various plmet haw bm labelled, The values of the *d» spacing obtained 
«*» ««P«*i with the literature 45 ) vetoes of the mm and planes Idmtifled. 
Table 9 wader appendix » gives the literature and the calculated rabies ef *4* 
•peeing, the X-ray pattna s h e wed the presence of inpurlty ef which only anetaee 
eenld he Identified. It was difficult to calculate quantitatively the Mount 
mi mam**** 

4.1 Sedtasatation Potential » the present nethod differs fim ether netheds 
ef Safiasfttaiiflit Potential In se far as the deteml&atlaa ef the weight ef 
particles between the electrades la concerned. In ether netheds 5 * 10 * 15 ) initially 
deecribed by Qoist and Washburn 5 * a suspension ef knew concentration nee stored 
In holder. The stopcock 9 % *** ( P*4 and the tine re qui re d for patrtietoa «e 
fhll free upper te lo w er eleetrade was noted visually, toawiiif this tine and 
quantity of pander flowing per writ tine through tho stepcwi, the ndflt of the 
naterlel s us pe nded betw ee n the eleetxedee was calculated. In the present study 

a suspension ef known mtentnlin ef particles me shaken In tho settling 
ehaaber so as te obtain a imifera suspension tiaetft out. Knowing the vohae ef 
the liquid suspended b o two o n the eleo t rad ee and eeneeatratlen of the eelide in 
the liquid, fie weight ef eeltda suspended b etw ee n the eleetradra was ealow iatod. 

4.9.1 Proeoiino l the SedtmntailM Potential studies were carried ant in 
ffeUantag steps t 

1) The sedlnoBtatlM eetona was cleaned thoroughly by hot. es ne e ntret e d ehraali 
efjd Ml than flatbed by distilled rater several tinea, so that me trace ef add 
rat left. 

9} All aiapaadl and pound glass Joints were Msefiaiy g rais e d * case being 
Whan while a p plyin g that at no stage in experinent , the eelnftiM cones in 
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3) The Ag-AgC I el ect ro des (previewsly kept for 34 hour* Is S M - MCI) «•« 

water 

washed with HitilhMt/nl M«ni directly trader eye for eay white shining aeski 
which would bm the peeling off of AgCl layer. the ele ctro de surface was 
farther viewed wader deneeepe at w 390. A saceth surface without eay cawtreet 
b e tw ee a vesicas regions oa Ms electrode caflaei that ae past ef the AgCl 
had peeled off. 

the shew* step hem necessary to owdd fealty voltages developed, the 
eleetsedee were former tested far electrical eewtiawity hy A-V-© water. 

^ the elect red e s were fitted is position is two graced gins Joints *1 sad I' 
S) the glese Joist mi* wn decked hy a closed end sale ground glass joist. 
*«l asd Ij* ware ope ne d oad *%* closed. 

I) A dilate suspension (less thsa 9.01% solids) wn prepared hy weehlag e 
weired awswnt if rutile with two litres of triple distilled water, the washing 
water rej e cted oad ea s p a n lon relwn iweswaeed to owe litre, the mopoaofon wn 
aom Mr Mewl 3*3 hears hy s septette stirrer sad pH nd ccorfuctlv ity acted 
7) the eleetfeds heM ms kept amad 10 an. any ftew the eootn of Mo wain 
sediweatation colon. 

gj P tr t the sn p on ln wn treseMrnd is the s ed i wo a t stin cel an through 
holder* Milo transferring, the tabs wn hept inclined ae that as dr gap wn 
tmppsi la Mo grand glass Jdst *1* nd *11*. this dr gap mmmA Me led 
of dtrwd co ntact h e twsn Mo ssspeados oad Mo olostreds surface. 

^ S t opco c ks *i| f nd •%* wen dosed nd Mole hew carrying the eodsntado 
solan, was easeMlly tdoo ewt of Mo did eted hsse* 

10) tM eesMfs'iii Mo eettlisf ofceMer wow shaken gently |y *ddt*g Me 
wapiti l m i ilMf its length Is s warded pine, the Mads* awe down Mr two 
*d • hdf daatn. far nether hdf e dsote, the take an kept Is herisostd 
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position and givn a tni-dradur notion «bwt an inis xonlBg ttow# it# 
**®* t * 1 * *MI# ikaUxg! tax# mu trim net m alien the air sap la ground glass 
joints to escape. 

11) Mtha# loalag aqr tiaa tin bos was bnqjtt 

tragfial air tap to allowed to escape iron th a ground glass joints, and box 
replaced la «ba slid staal base. 

») After IS-20 seconds Mm reading on WW or alorovaltaetar waia taken 
xrnSm&y * twenty to thirty such readings were taken within If * 39 seconds. 

Dae readings ware averaged to gat Hast reading for that sat. 

15) TSka suspension was taken oat by spaaing stopcocks *8g and 8j‘, The pH 
aad oe ad act ivity ware noted. As elect r e d es were r e acted , the whole ceSaaet 
w naked with triple distilled water and pr oce du re reposted with different variable 

#•#•* i/Pg#TV*tltm wo rliClIUTO I 

1) Th# nholt # k #e rtf th# isttod ### ihaftlng of th# sttsp#*isi#tie Shddog h#i 
t# h# f t ut l# Midi ##i# n#§ always tih## th# sua p #tt si fltt did not I# 
dlract contact with oloctfodot #t##pt t###rthi tht last thirty seconds wh#i th# 
readings ware taken. Vigorous shaking resulted is cnckiag af the ap paratus at i 
Atmeocks. lotldkii snoilliiff th# olooifrtMe 

3) The veltage fall daring the tine Taaitlwgi ware fthm ana less Mum VI. The 
fall was probably because initially all tha big aad wall particles earttnent, M 
aa tins elapses, only snail partlalaa descend. If Mm particles are of ealfern 
siaa, there will pr t bab ly bo no fail daring the tin* readings are Mian. 

S) Per readings trim for a period laager than SO seconds. Mm voltage fall 
at a lift rata due to polarisation mid lesser eoneostrotlna of particlas. 

4) If the precaution! Mi handling Mm ala ctrodar ware not fallauod strictly. 
Mm error was anything «pte 190 fold. 


*1 

*) 

n 
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All tho •ItetricU twawct ltM *«» wUmd to araid contact potential. 

Tlio «mv wi loot iAoo dilute suspensions ooxo and. 

Tnpmtan of the suspension ms nistttnd nutnt to A ®.1*C for 
#m!i im# 

*) A«|N Is conductivity by shaking ms wry negligible, 

t) tspro J acib lllty orror ms 2 - 5%. 

*•*•3 ft j fl S B lgl * 75,0 mine of sots potential (ZP) ms calculated fins 
*&• eodiwsntatlsa potential (SP) using the following a^utin s 

4m v A X 4 K B 

€ • 1 - x 9 x 10 M (1) 

Bt *(4 - V * 

whom Is# (Volts), ( s # <#f.) . 

B • Total might of solids botxo s x tho a l o ctr ods s (p»«)« 

B * apnUts resistance of tti solution (<%tm«c*ts.) . 

A » MM of OHOHHMMMRtim Of #10 settling tnfeo (CW 2 .). 
il o viscosity of tho solatlex (poise) . 

4 x density of tho solid (fo*/o^ t d© x Mty of tho liquid (gnt./e* 3 .) . 

B x Dloloctric osostmt of #» liquid. 

«m Am Mi ifili ty 

M til # giw tt M B Mgtai Btt IKMS dl 80I1A Mf #ait V&ltKM #€ 9USB*f»lQft. l |l l 

mo taioxn. Hence *0* mo calculated by nnlf Iplylng *M* with tho velum of the 
SS^WM I’tlWiiW IM MM tlmfMI tmUH IMS nXM (15# Hi # oJ HI ti# InlOli Ht 
of Mpirisxtfi (by fixing tbs positions of #» tn oloetrodos psrxawmtly). Am 
4MF #WMMI ##4»®!M31I M» tm# Mill # Hi UoM @MI*t SlMRP tiMSMI IMS IMMMl Ml MM 

XI O' ., O Jk .-» OJI i^AMAaA 40aNk 

UtpHUI MMMM* IM iwl MpMMNLMI wmmm&m 1# 

* (Tho tffiMI dm to proo a nc o of olootxolytoo In wttor oo viscosity ,4leleetrte 

HmtHKl mmJk ^no lttr fcfrlm# * 
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1*0816 * 10* Ed 

( 2 ) 

IN (d • 4g) 

4.4 Electrophoretic Mobility i 

4.4.1 frea s dun s i Blwt« ^» wtlc MtUliljr MUutmMsti were cnvUd on 

wtil* ant glass beads la dlffmat aqueous solutions, The isethod of saaple 
preparation baa already 1m discussed Is Chapter 3* A 1 mm weight of the 
Material was washed with two litres of triple distilled suer, wuUag water 
rejected sad total vol was of suspension made to ISO ml. Different solutions 
mm iidiid In ® w itltt.®®n Th® ci a itfBit f df ffc# b®ak®r welt ftm 

stirred with a Magnetic sti r r er Mated la jym glass. At the ad ef this 

fVflfii C0ww8v %Avliy flRII ptf WHO mm®* Til® w&m pfvXiip 

It was then fixed 

in marviar ddak contained fact of suspension. The wtola assenbly was flnsd 
to netor dddi routed it at a spead of $0 xpn. o» a result of which the rutile 
ms if* & sink® ®§ unifc*r» wmip®p#t #f i dtartag Hm mwac®® ®f th® 

opttlHRt. Hsu Head curr a nt of 8*2 - S aA ms applied and tbs ansa tr ms psrt 
In tie soil trader 8e IX p o t e nt ial so cappllod, was allaotd to tabs pines for 
about i * 18 atnutss. fits ssntants of tht collection chamber wars weighed at 
the and of the experinmt to And sot weight gada or lose. The stump s In wife 
wanld bo anything tpf o S98 ssgas. 

was 

4.4.2 Csleulstisoa t The iota pot oM tisl /calculated fran the following 
exprestico* 9 ) derived Aran tha S no tndiaw s W s opistieM 7 *) t 

4se A w« I 

* C») 

» i * t » 6(1 * 4)(d * d^} 

ahscs n * viscasitr In pelse, I * dieleetrio eanatant of nsdbni 
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im * eh ange in t he weight of collection chawbor after oxperlwont.in ps. ( 

M • MUMtntloi of solids in gm./ca 3 . of suspension, 

1 * specific co od nct s aco In Oo'i. 

i * current is aaperes flowing the suspension for t ttw n dt , 

*»Wd 

4 « density of solids {IH.M), d, * density of UfiU. 
t * aoto potential is volts* 

ttwee *«* ooo usually mh loss than 1 (« 0.08) # therefore wnU ho still 
looter h o st (1 • f) can ho token as 1* Also slnoa water was wood as tho wfai 
in all n ap a rl w an ts , tho Ant opmsiia reduces to 

IS a 10* n Aw w 1 n 4 

t * - {4) 

c Is wow in aUUvdts* 


'ttmn MM flNUtt ii lift JlKBfc ■ A MM mMPriafcAF M Jft 

HI MV mwwwW 9lfl iSisOR IIP 9VV lUi «9X1 *11* HHAOT 2JI M KlWtltroWI 

earlier coneontretion of solids in suspension Mpmsal as gns/cw*. Per am 

Mt II# mmmMmmm, wMk A nifticxkllf tlutffilvtft * mm mmwvIm - mm hmJ Mat 

gradually tho eo n wit rati on of elsotselyfee iscnased. lot fan oaA sot <f 
iiafap tho coweawtsatiow «f solids QO could not ho waiwtalwod constant, as 
sans suspension was always lost dosing transferring tho suspension to th* 
mtxvior. Horn a slaplo aothad af knowing the *M* was d eris e d fas oath reading 
Dm weight (W|) of la e«n> lately dry colloetioa ehtaher wao iawwd* tho ve lww a 

(V) of osll*«ti«i dariov wao found hjr wigtlai Dm S haa h ot filled c ony late ly 
by water who so density at that t an pem tanw wns known, fas onah reading adft 

(W) of the Shmtiar filled with suspension wss know. PHt this dntn density of 
swspmslm mold ho known end by stapla am bounce, tho concentration «M* 

In gns./cn 5 . wao found by fallowing emotion t 
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{*♦*•)«$♦ 1) a* m 

1 Wf| 

*s •t- 

there * density of mspsaslm. 
fMM equation (S) t «M* could bo fond out. 

4.S Amsptlens s The oinnpflfino Involved is derivation of equation s (1) to 
(4) oso « 

1) the particles are wm » » cmdactlw f nid for tbaw, radius of e wrttw at any 
point I* lotto o« crap art A to the extension of d w i b l o leper* 

2) The llqntd nmouHit A# particle has m electrical conductance* IUloot«i« 
ftmfti— t cod viscosity equal to tint In jthawe. 

S) Ihm Is «n effect doe to mriem oradnotrace of &e purtlelot. 

r ' ’ 

4) fort is m effect dm to setooailm to case of s l e ctt cp hram le* 

SI Xu tlffilfwhftytii a tkm ft m offtet of olocty oiri^oytl o nMUty te f# 

J| enJv 9 

jplrnraraJLwB 'fX# raraH tPPndhp 

Tin effects dm to Cl) relative mssitsdc of tin electrical doable layer 
thickness with respect to the particle dimeter* (11) relemtlen end (ill) surfec 
conductance, mo amices mm# to bo tsafoni is detail. 

4*1*1 effect dm to electric doable layer thickness s gsslrahowsfcl 7 ** proved 
font the elec t r o p ho r et ic nobility (**) is fives by the cpratUi 

pf • ^ .where t • lets potestlal* I e dielectric emetest 

t • Viscosity. 

obtsinod p # • • 


n 


Ifeft discrepancy i a tbe two Am equations Is Am to difteronce In tbe 
«mMft regarding geenetiy of Held. Henry* 5 # 86 ) abem* test 


Wg * f (ns) 



4* e 2 S S| if 
>KT 


t 


s • mites of tbe particle (os.), • • electronic Puerto is o*s#»* 

A| * motet of *1* less/oaf 5 * is bulk. 

% * viliMr of *1* lorn. 

K * geltsaa*** constant (erg/k # /i«0 

I * Dloloctrlc constant, T « ftopititer* (k*). 

fOes) for Sow mime ( f n»* teas Hum 9.1) is 2/S, teas moulting in HAai*« 
ooiiatl ns Porkaf 1 mooter teas 109 Qm ee sr o o t los factor to tebtAmki oumsttf* 
is rnllf. Tbe pndM mlnos of f{Ka) ter ns * 9*1 to 109 am glms in Henry's 

MMteJI ILkA. nmjteteb M dHk m dtfeteli>4teHtetete 4 Jftflk JUM| s -Am Hjtet Jte teyfcm, V Pte* 

JWlJWflf Wm pmid p# ftMMAwMI tlUiH *9£& w MM IftJFjpMT ftftftft Iw ftft MMI ft ftft 1/vC* 

electric*! Artbli Ityty thltitontiii 


4.S.2 telomtlea effect t Ail effect originates baitsra of tbe defamation of 
teteto Safer* Item as electrical fUSi is applied as is BPS, tea tenge of 
Hio doable laps* is displaced is a direction opposite to tel sowamst of tea 
particle* Hot oslr tea this tenge retard te electrophoresis by its nm a sost , 
bat also by tbo dts ay mm try of tei double layer resulting ikon tUs Oiaplaom a at , 
o retarding potential difference is set ig 1 ^* Tho oaomotios teeter because of 
relaxation often oasis obtained ter electrolyte* of ftfffamst mlssoloa Is tom 
of *«**» tea Henry's pager* 
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1* Knqrt****} ted ftaMtidsf^n) In dlinm ttednljftM tew 
teMd plettod i nd icating tin g a apauiid effect 4m to faster* vantlsmd is Swtimi 
(4.2.1) *fid (4.14* tte# In tbit gr ap h cnmtln fnlen tor NBd»l*i 
oftetlin tew ten plotted, bet bp dagini tin oeolo of OB W ttt n fwtor 
inn 9 * l.S to « * 1,1, fee valves mm be used for tte miwhiwHH ifoUn 
4ild ko» been «nl io the teilntlw of ipdioi (3). So append! » *F* tho 
wln» ®f **»* ten ten ca leu l atod fat mile Ml glass la id (Table IS) sod 
Sod* (Table IS). Pros tte plot la Kivpt** book* one can sot Shat far these 
valves i of •*a* the osnreetien fact ora range tmm 0.95 to 1.0, nwpt aft o 
oeaoeMrasiflft of l®“*il for tett SCI and B*C1 2 . The csrreetlan factor os these 

V&ltiiS 1 ft fm ritoM M ft# IMP All 

W TtaWtPU’pi^ 'teP’tew TPP4PPtarlw^^iPr^^te*wP 1 tPP'PPPPPn oPpdpp 1 10PP1PP «PPPPPPP^PP *tm pf vPHPPP PPPiPFPPF'wPPIPPfTPII^IIr taRr^^^PP^ ftp'^PFnPP P|WPP"^||^PPP 

to ftiickiioii of A mM # lufit li imm of fNHwt l#! a til# conoctiaii 

* been 

faotor far oloo tvf^ h f roti a nabilitv aft UTti k& mmI lad ■ boa ant 'iw at doted so 
ovoid osvwra i» oenpsrisss (t» figures *S* and •#•* the vstvas of aote potential 
have boas fthaiat oa tavtativa values aft State cc n o a ntraft lan). Nogleet of tbte 
w r r oe tlav factor oft tela nenientratl mi la both esses. liooovar daos not alter 
tta tssvd la tta ssto potential turves md taeoo dtsoasslsa unapt that tta 
absolute valves of ssto potential at this s o vaontrovloo ftnter would be higher 
bp atooft 101* At ga vs sv ti s ft lsvs other than ir*P of id vad BaClg. tte eerractii 
ftator betas these 0.0** baa boat neglected. Par AlQj, Sv0»|} 4 , ta^ 2 Op.lfl%0 l 
tea ftator *oo f will be avow higher botooto of lav«ar valencies of tte tow, 
rtoneo la ttaso ooaoa tw, tta offtate dta to iStaftal double taw thickness 
aad solanftloa oaa bo aoglofttod* Xa Meta and non-ionic Rad, Ieoh of esapless 
date (Degree of Swlftotaav far Kata)* p r even ts tte I tav s p s f Isa si eersvetlva 
fsetor la stlevlaftlvg tta asto potsvtlol. 
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4»l.3 Surtees conductivity rffeet i The correction MMuay ter All 
effect has Wen suggested iy nsf tti* All these eeweetlen* 

include the surface conductivity of particles. Howe «4 Pope 4 *} hare plotted 
the swrtese conductivity values ef entile against the relative lawidity In the 
etaeephexe mwtl the experinental staple ef settle. Hawsver these values ©f 
surface conductivity see ««t ef ante awe antes the peasant e^pssinsntal 
conditions, sines It is dtfflmlt te know telte value ef surface eeetectwwa 
to selset. He ether sstesense regarding surface conductivity ef sutile seeee 
te he available in the literature. One Mf te*tept te ehtein the appruxiaftte 
effect tee te sutfsee eas te i te n ee . Per sinpUeity, ee will select the eesseetiae 
suggested hy Restogi end MUss 14 ). They hare replaced the conductivity (10 of 
the seSutieR bjr I e 2 Kg/It te I nclud e the effete ef surface conductivity tears 
Kg is softest easdsstsnse of psrtielss snd II is ths ra dius of the ■eitlssnf f eg 
tube. the atetan velue ef K In the pseeent otofy hss been t*l T 4 te&* the 
value ef K is l.«d ew. If ths vain* ef K, is IT 4 tee's ar hslew ths sftete 
te te susteee conductivity een he igwwed. Peon tee peper ef Mews «d Pape 
it eppesrs test 1001 relative husddity would probably eersespend t# tee conditio* 
ef sutile In water. M this psint tea sutfsee eenteetivity af sutils undsr all 
eendLtiena at pssterestetet is sssond 10* 8 tee's and hsnss teen tea shows 
Msssniag tee eftete dee te swrteee eenteetivity sen pstetely hews ao etect. 
in sese ef glass spheres tee vslnas of ewrteee otmtoo&am wawld he earned 
lg*0 tense has* els# effect dee te surface conduction need net he 

mnld>Tfiti In ease of eleetrephMesi a tee Mate condition 4 ^ tea neglestiag 

tea surtess es e i infftfv ity Is 
Ig oo K s 

viiMU Kg Mi X are conductivities ef swrteee aud solution respectively, u is 
$!• WtAM ft pIVt&fclM* ^MMI 
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feat im SMtili at 1 m concentration of electrolyte tin effect 

•mid be lipifimtt but ia absence of Tellable data of surface conductivity 
et rutile In the present experimental conditions, it is not possible te apply 
tflWI llOVINMttJLtti* 
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5*1 Sedlrentstioa wlwlUl s Hmhm 1« of He nfiiMtatim psteatisl 
Hpnteti md results has but carried out ia tm puts. First put 
deals with the ooaperisect sf Ht Methods suggested by ettter ni Quist ad 
VM^mb^i tbs NM»d put dais with Hi cuparlses sf ssts pwtatiil 
values Htalud by sedimentation potential aeasurarents ad ilMtsi- 

pbu s t ds sobillty aaaaats. 

5.1.1 Caassrlau of tho two asthsis t lbs diffica ltios aid stress imtad 
la calculating seta pstaatisl by tbs atM suggested by <*i!st ad Psalters 
ad idfttd by stbus are t 

1) Their astbsi sf tslsalctlat the quantity sf puu flowing pu wit tire 
through tiis stockeoek *«,» saa glvs rise to errors ea account sf Hsllswftag 

I) Xt is dtffteelt ts aaintaia a taifora sospsaslsa is tbs holder, sines 
suspension mala* la bsldu #Sr a tire large enough ts pewit the settling sf 

pCrllCltVt 

ii) tbs astheaatiesl sq a a tls n s used la derivation wares a saifssa flu Hss# 
tbs stspsstb f 8g f . Siass As flu will dspsad upon the byirastatls pressure hea 
ia tbs holder, which beeps a decreasing a the saspeasiea flaws la aadlrentstle 
tube, thaw sasast be a uifssa flu. 

X) Sou tire ala Wbbl* is trapped ia the stepper aad sssapu are's aeHu. 
this si* MUi besides giving faulty flu rates, causes Interaltteaes I* **• 
flu sf saspeasisa. 

I) there see several erpertamtel steps libs dstsraiaatiu sf rue sf settlfaii 
sf parti* el se , spuing sf a uppu *u tod Interval etc. iWA iavslvs Isaae 


u 

errors of variable aapitate, 

Hm uethod eapleyed by aether tokos cow of the above omn md 
difficulties, but iwolfM thefollowing liaitstisns t 

1) Dm two settling could bo effected by shaking. Beuucur this wo rislrised 
by shaking It fwllf md letting the suspension to omm to oquillbriu* for 
Awl IS so emit after shaking. A new «r loss tolftst voltage *m dewlepod, 

V 

mt tblo indicated that two settling conditions bod boon attained. 

I) Dm electrodes got daaag o d ion fr e quen tly. 

I) Dm pres e nt aetbod is tine ce n so ring md ne ed s an* esperience to handle. 

4) DM seUd particles cone in eontnet with Dm nlectwdes Doing actual 
nsasttwwmt ehich «n glwn faulty voltages. Heeever this cm be aliriiiated by 

man ImteMMn^ JSmm4l asm 
an H|HpF9wvlPiS DwaiA.p»e 

5) Sacswsa of the Am difficulty. Dm particles espscislly snail men ewld 
pt snbsddsd in A«CI layer «f electrode. It nee difflenlt in case of wtile to 
identity these particies because of absence of good emtrast under riarescepe. 

Sines It is iifflwlt ts asks a quantitative asses smt «f Dm own 
In Dri Dm mtheda, it bsssnaa Dfftrit to suggest AiA nathed is batter. 
Mam ssna ii#t am be Direm m their wliObiUty if ter s pertienlar sample, 
softs pt tsM dfe* is sslcnlafted by bath nstbad under idsntieel cenditiene and Aus 
SS« aflUl to sots potential velum deterrined for tho asm sonple and teter 
glf rffpy smlltim by s different but now wliable nsthsd. 9m this puipoie , 
sole potsntlil me calonSotod *sr wtile in triple distilled ester IDs 
sediroatstlea potential ««wwueiits «*loyi*t the neDMd of Quist md HariAnsn 
md DiA of ooDmt. teriher, tbese values bad barn Mfini uitb tba sots petari 
' c alculated frua elactwpbewtic nobility nsasuwnsnts in Ddsifu* 



Ths valwi obtained cm given below i 


Method EM 

Zeta potential *24.30 (sff) 


SP nethod of 
ftnth<rr 

- 22 .M 0*0 


SP aMM of 
Quiet and Washburn 

-37.W (ndO 


Pmn Ala data it appears that under the presort oondltlsiis sf 
Mperiaad, the nathod suggested bp author is reliable. 


5.1.2 Coaparlaoa af sad i lbs sata potential of wtite sad glam 
spheres calculated free the «SP» nathod has bean eeapaswl with the seta potentia] 
obtained bp tbs ♦BBl* tMhdfn. 

guttle t ftadloa of nitile has bean nads in ICl and taOg solntlsn by 
technique snd unapamd with corresponding nsisuwnaists by WA* method. Itulrx 
mmmn tibia 4 gims the mlmo at ^ and «*1* d ***•• **• *»*■•* * ««* 
Pigore S gives fha seams fb* *««* and *5^* «br wtils In m solution. Iho 
•s^Mtimn is net very good especially In the ssneantsaftten «an gas of l©" 5 M snd 
• * ir® N. ths precise mamn IW this Is net team bnt mnld b# *» ts sna 
or ness #f fa «»«• U»»4 In section 1.1.1. 


figure 6 gives the seta potential seams of wtile mleuiatod by*«f* 
nsthsd and •EISA* m&adw in aqueous solutions containing Mg* 

Is swnipsnt smog* at a a s ne a wtTt lsn of ir* 5 II of hOi. 

mw t table S (append!* *C*) and Table ? (append!* »B*) list the valmas of 

w 


ir i mi ic-j* off glam In *& and HO|. Q» as^paartmg *ho»o ******* ******* b» 

~diH uWB 


* H, ^-41. «f aw «* «t"« »« «. TW n > » fc ttb iu 


MW ft* tk aiM «f <k*»* ■** '•■rttilrw • O 


It 


•tear tw pmm values ImI very lm to aegeitwte 

ml eteaga to Nt» p«t«tial with emmttstlm of *X1 is very tipUtoalf 
HhnMi vlllt these western tte d«t|» to intiplfient especially to MMOlittii 
ranges of If 4 * It -4 MU tte possible t*a*aa fee tide *ay te tte* tte 
cowpesition «f glees beads used to pseaest weak to Aliumt *n» to* ewpeeittoe 
ef glass teats used by attest* Figures f sat i gits tte # g* # * m* «***•» 

to CO and 8aCl 2 respectively. tte eeapasfc sen Itete reaeeaably gate bat toe 
values te seta potential ase a Mt ante negative fear sedtoe»t*ti*R peteattol 
torn electrophoretic nobility methods. Mo pveeto* i**Mt la teown* 

iii ether mgr te ee^fwrteg *4gp* aa4 *^ea* to te take sat to 1 te toast' vetoes 
for tte sate staple water identical conditions. Ite vetoes te toe rati* te 
•^ea 1 111 *V tow* teea listed in appaafiv ‘I*. Ttoto 11 ate 14 give toe 
values te tte stol* to KCI ate BaCl 2 setotieas few twtito ate gtos*. to ease te 
swtito to id toe rati* tute teea O.it te 1.M* 9m tody setotifl* eacapt a* 
a *aastetrattaa te It*® N, to* ate varies tew* Ml te U». to ess# te tea** 
tte reties mm tew tee* salty as eleetrelyte eeaeaatratiaa to toevaased. M hi# 
eeaeaa tratto a *f elestsa^rte toe jwsise are vary wail# fait tte* ate beteate 
tte totetot* vetoes te ssta pstaatisl te# very lew* tte retie# tea* testate **4 
»*ra«§ M > 4*1* mm 1*4, l.«. l.« *»r pyre* ♦ water. te**» ♦ waiter a*4 pyre* < 
acetone systeus. Halite #etewte*#4 tea* toe setter* data «a saeito te* *#«*r 
«* uftity ♦*»— those te tea**gl ea4 Mtottu ter sgteriaal tetes teii sto* to 
seat cases tte rsito* mm aeeww t* sai^y* 

OiraihsirtT tea maata^^ ea tte ateperlbttiay te tte **** puteatial 
vatoea ter tor ate* gate ebtteate by ft) •treaeta* petaatial 01) ilsteae* 

nmmit (Hi) oleetrepteeatle ability a*«wttea«t** ttoteteas* «a *tea 



FIG. 4 SCHMATIC PICTURE OF INTERFACIAL REGION SEPARATING RUTILE SURFACE 
FROM THE BULK LIQUID PHASE. ( According to Berube * Debruyn 37 ) 




FIG. 5 COMPARISON OF ZETA POTENCIAL OF RUTILE BY 
SEDIMENTATION POTENTIAL & ELECTROPHORETIC 
MOBILITY MESUREMENT IN POTASSIUM CHLORIDE 
SOLUTION. 





: Log of cone, of BacL( M / lit) — ► 

FIG. 6 COMPARISON, OF ZETA POTENTIAL OF RUTtLE BY SE- 
: DIME NTATlON POTENTIAL a ELECTROPHORETIC MOBILITY 

MEASURMENT IN BARIUMCHLORIDE SOLUTION. 
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FIG. 7 COMPARISON OF ZETA-POTENTIAL OF GLASS BEADS 
BY SEDIMENTATION POTENTIAL & ELECTROPHORETIC 
MOBILITY MEASUREMENT IN POTTASIUM CHLORIDE 

CAIHTinkl ' 




o Sedimentation potential method 
• Electrophoretic mobility measurement 
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COMPARISON OF ZETA POTENTIAL OF GLASS BEA 
nc w cpniMFMTATlON POTENTIAL & ELECTROPHOR 
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potential mtlan fat (iv) iadUmtittoit naasurenents nd their 

conpwrabillfy with CD* OD md (Hi) am scanty. 

BltM m A Nim him co o p e red lata potential vetoes far aaft glata 
spfeavw obtained free sedinontatien and stmsatag potential saaaoiwwto^ 

m. and -»7.S Of. resp e ct ively). lay 14 ) found that seta potential fat 
***** particles la ir s N • KC1 was -133 Of. according to sedSaentotlen 
potential aoaaureaant out *124 Of. hjr electro- os nosis asaiuranawta. Regarding 
Oho caipraMUtf of iota potential vetoes far sediuentatien potential end 
elec t rop ho retic nobility techniques only ftastegi and Ml*tn Ii » li ^i data md the 
data roperta d la this thesis seen to be available • the latter shewing superior 
aatdh b e tween the vatoae Obtained by the toe tethniguse. 

5.2 BleotrOhlaetie Itodies Of latile t the studies nose carried eat ea rutile 
la KC1, faClj. AlClj, IrCMOj)^ Ka^^lSij^, Peel, and Mcn-ionic Mael sciutleae. 
Here remits will be aan&ionod briefly. 

in fipm (f; 9M i» sm nm pnmii tuqh mi m wsoai nw 
poeltlva as pH Is d a cr e ased and vice * ver sa, the sere point of charge (ZPQ la 
sreuad 9.29. the triad ef daop la seta petaatlal values with pH acmes with 
the ether washers ** ** *** though toe absolute vetoes do ict. the vstoe ef ZPC 
re por ted for rutilo ef besto seed erlgto is 3.S U >. this dlfforeaee is probably 
because of different eenpesltlen ef rutile la the toe essee. 2a case ef 
(Figure 5) sad SeC^ (Plgosu 5} solutions. ever toe whole roages ef es ao m trsf loas, 
them Is incre ase la negative peteatlsl as toe eceeentsatlea is increased. 

Merlsnto and Safc m eto 2 ** tom elm stu di ed toe tags ef sole peteatlsl valms 
nlto la id sad MSl| conc e ntrati on In setotlee. 1st their results cannot 

he itmni wito toe anther** results. hsosnse their saaptes uem hast treated. 


9rnmrnmm t he «a«ntntt« ranges wm high i.e. above 1ST* M/lit. . 

fflpnm (U) awl (II) stair the variation ef ut> potential with the change 
ia mcmtiitlM of A1C1 3 mi 1t(H0j) 4 in K>bttim. In both cases after initial 
IntstMNi III negative potential of rutile* the negative potential t en ds to decrea se 
as concentration is farther Increased, la ease ef ZrtH0 3 ) 4 , the vales at tidier 
Mitntnlta), hesaaas eves positive. Author case screes ae such refsreaee 
toere seta potential ef rattle had heea studied In A1C1* md Zr(S%) 4 eolations. 
Wpn» II shoes that with the increase to concentration ef 1* 

solution, tha seta potential in creas e d to am negative values. Aidlitfs 2 ^ 
hat worked m mtile to pra s mao of this phosphate. However* toe atotoan 
e o a eant ratlon ef electrolyte he has used Ss highs r than toe highest concentration 
wsad to the pmamt auk* Figure 14 five* toe sate petantial curves to pres e nce 
ef Mae! and non-ienic llasl. Fereall aad Sun 1 *} hams worked on rutile to Itoel 
s o l ut ions. Tneir vnmns at pet 7 mo nasi con can t ratten or 10 * w *10 n 
ars »1S # 40| •Id Millivolts r es p ecti vely. On conp s rison with the present data 
in tattle 11 andtr g ppmdl* *D* t we am their vetoes are less negative at 
asaeantratiaa of If* N aad toair sets petentlai values Issmn at a faster rote 
tom oh* anther** vetoes. Mast nrtoSbiv toto is das to toe 'dtfXhsaat eeapositloas 
at rattle saaplai toair ample having am tom 9V.0I rutile. 

the tohle halm shews toe Shmss ia sate petantial (Of) toto In creas e 
to oloststopto eeeeeatratieas fern 1<T 5 to itr 4 itf lit. 


4ZP 

1 tadftMnvINi 

1 flattie 


Class] 

mg! 

* 17.2 


* li.1 

iy| A 

totot 


♦ 3t.t 

Aia s 

e9t»f 





HMWae «a« 

Haol 


♦ 60.0 

* 14.4 

• < 4.2 
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Mlfti lsosoooo in mliiif, both cations •» n»u « miens mom to bo mm 
adsorbed on tt* rutile (vide also reference 19 and 24). At lawr 
electrolyte Mwmtntiau, miens tom to bo fMfmatiilfy adsorbed m rutile 
tm til the three (AbcUw tested, ibis it two of BaClg md glass systen 
“ •* tfct wmm of the solid stnriaos it aim i*M*tmt. for 

exoaplo, nmi to BC1 md BaClg solution, miens feme note affinity an 
nogetlvoly Charged rutile surface and nations an gloat surface. Bondi n and 
bnnfma^ bam reported that marts bat mm affinity for anions as tho 
mnmotmtim of eloetmlyte (KaCl) it gradmUy inermtod till Shoot UT 4 equ./lit 
9mt tints surface* 3 ) and oSuelao**) thorn it charge wmwal with increase in 
electrolyte co ncent r at ion, ibna If at m appr epriats pH tbs wtfwm am 
negatively d ragg e d , iff it positive i.o. seta potential Shifts towards sore md 
dots Mil 4m9ms# fettibif to tfe# Mmtiv* tctlt &s Mmlffrrt mtii# ««€«»• 

ftisoossim of tbe olnotrobinati o pbanonanm by pvovlem e— t bm y at mfffo- 

aenOtmis 41 mdumnJkstmt jasanimmi denmjfUnenmsaAun mul jemnasd mamnea^mO?’ me rawrai % ain dbflkma emmtibsr 

WH9f »WT88» SiiM IliiwpiPP CwBlOl €>0|?Xm01jr i^WIw ww IVpilfp 
ll imi fl Ml 000 pillil IwM^rt r fOMfti wWKvs Ml MHIi »G ^wTwW&mSm IRwffli 

Am authors hsd f trim Ifito dmiidititioB tte nootllsr sttuxt 0# Mtite surfmeo 
ariaing out of strong eleetricsl Hold dm to ft 4 * ions la explaining their 
olectrokinotlc results. Pu r thot mr o the old omo o pt of attmotion botmm ions 
«*4 oppositely charged attrfoee particularly the ainplioltlo mdol regarding tho 
ml* of volomy of oomtoriono (SdnlM md Mr rulo) in explaining tho 
olootrokinotie pbooomam In general team to bo gmilgr inadequate when applied 
to mtlSo-woter intorfsos e.g. this does not extols specific ad sorption of 
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aogatlwoly charged loosen negatively charged rutile. Basad « tea pnsaat 
numits awl work 4«u If after ratten aa ntik, a nodal af Am piano at 
TOtilo-watar-intorf am liaa ten mggostod. 

teltea discussing tea remits* a detailed aodal af tea mtils laterf tea 
la teiag pnteU 

Stantei t Ratilo tea tatragmal stiueton with tltanlm tma 
•mnauadad If alt orygn In la tea Ina af n octahedron 44 ^. te af tea tl«0 
tead distances an 2.01 A* and otter tour 1.02 A* 4 *). In tea mtila nit mil 
tea tltaalm and osygea laaa ten ten assigned disasters af 1.12 A* and 2.SS A* 
respectively 46 ) • llte (100) and (110) planes an oonaiderad aaat l apsttant . fteaa 
an tea ariy plana* along atelate tea alaamga la 4Utla«l^. 

1*34. Ads o r p t ion at ntijt aagfna s At a freshly f rac t u re d surf aea. aa> 
axdlaatln af aaaa tana aaat te Ineaaplate. tea aatan af tea aal|d-l^ted 
interface aaadnad te ternar f of rutlla aad ten iaanain la wtttr will daoaad 

wmf ntete ! ft» vm*m tr4*irki ||# tifamm I Wnfai bfoktt ill thfi ftuMmid 

XU IttUlii UMI «WbWIWNI IWPWBWMr Wpi^Wl H* pnitiy ittllC Of vOlillil Wml 9&n 

a polar at hydn p hl lla mite results 4 ^. tea propartl aa af aate sdU«llpU 
taterfan an te anatdamd la tan af tea maatUaa af ntar dipolaa with 
teatea teada along tea fteatamd aarfan. tea ateatrlaal double layer at teaaa 
laterfaaaa la a nnlfattatin af tea aUUtf of tea water noloenloa to te 
y af afifaQ aad to dissociate radar tea laflwann af alaotraatatle flald off solid 
lattlea. On a hydrophilic aarfan* tea partlela tearga la anated fcy prefer en t ial 
adsorption af aeatala specific laaa n tea partlela sarfna. Such laaa an 
aallad papHtlag laaa ter tea partlela^* slaco they enate tea sttelllsiAf or 
yap tlatog tear*#. tea adsacted peptislag lam eonstltuto tea laaar cmting af 


**• *l*ttti cat 4«AU Ugm, Aa «fdvdiit anouat of counterions I# 
aecmutlsted now lk« charged wfim constituting the wttr costings of ft* 
fofthlo layer. Valor Itself g —time s sets as fiptiiftt electrolyte so me 
afeftlt see In owe of tattle. Particles In solution will acquire a charge 
beoauee of the In surface and adsorption of 1—. Because most of the 
ltalitliu group* » west electrolytes and because the Hading energi es for 
adsorption we ef the o r der of fte therual energies, the surf— charge 
situation oust be described aa an equilibrium b e tw ee n I— bead to the surface 
ad lens In eehrtiw 4 *}. 

affect c< a— actexnai force, it la expected they dlU ca rr y with than an 
adaathad layer af liquid. tha aata potential af particles la g— ra lly taken 
*W tha po ten t i a l veins aa tha boundary between the free liquid and tha Uquld 
jyflseriiie to tha aadw af a eartlflla. HnwovoT it should be noted that this 
potential la not aalaly determined by p r efer en t ial Ian adsorption but la lw§ely 
Chavaataxlatla af tha aaUd itself 50 ^. Factors aueh w valency, site, density 
ala. af tha at— lu tha solid lattice will influence tha dlatribatiau of leaa 
lu tha lntorfscisl roglon of solid and liquid. 

It has baau observ e d la ft* prosoat study and previous s t u d i os — tie m ad 
In OUftw 1 that rutlla attains a nagatlve potential In neutral water. Inara— 
In Ivtftugm Ian aan— txatlen whoa yataatlal 1— nagatlve while inwe— In 
hydroxyl lau a e aa e atxul laa makes It u— negative, the double l— r should 
thamflMM he w p y a a a l t» aalau fxou adsorption af P* and or by tha aolldg la 
not an ak— so e—se adsasytiw af the Utter would ace— t «w tha negative 
surf—. So It la uaaawwy to consider tha netted rutile uwf— m being 
coop— d ef a ^ h a ta xla units af tte who 


The mctln In neutral « sli#rtiy MU solution Mag 



AmfUsg to inahsaan ot il^ tho highly addle hydregsn Ions reside In tt* 
mH» pan rtf tho Mbit layer out tho surface to left ntl a aagttii* haqi. 

Tho estefeenee of bydaeiQrl graft «a tho surface of tho insoluble oxides hoe boon 
do»e no tr at ed sa > s3 ) by the detondastion rtf the wiar nstart of ponder bjr atsdsa 
of netting boot mA note directly by the s msw o M t of infrared oiooeptioo 
spectre, fecng 5 ®) bos reported thet insoluble oxides retein o snail oomt of 
water soon sftsr it bos bosn «ww»«aed ot s high teapeteta*** totsao MBoteoto 
ot sl»> sogyotod that shoo tho rutile sorfsoo is oopdlibootoi uith watar» tto 
surface hydroxyl gr o ups Kill bo famed by sorfbos hydretlaa. farther* that* 
hydroxyl **wpa «V ha fissosl^od in tea o*y» 


a fid* ♦ . 

>-#■* Ti* ♦ OH* 

& '■ 

Ci) 

a fiQB * 

s tio" ♦ if 

0»> 


t mmMM* ta than if the dissociation of sorfsoo hydroxyl fiwpo occurs along 
sqnetioe (a) it util Mho the snrfaso positive wd basic ot the saoo tins sad 
If disioststlim p ro se ods os in sapatisn Cb) tbs mrf*m will booms negative and 

noidio. rtHhoesB et al**> hero them tb* ions can be physically edsmbed by e 

tosiOos already possessing a sharp of tho asm alas, tbs axtsat of sdsorptiflai 



GmlMto ml tai hem taw i»|oetai| the physical state of rutile 
ttam contscted with liquid ratwr. Ystas* 7 ), lewis and r«pfltt s# > Investigated 
twtllii surface If tMtt of adMftiM studies end Made at ij*^ If )mt 
lwwnln studies. Mays and ftw^ reported sum remits on jnwte nagnetic 
wmmmm in eater a dsorbed m rutile. They found that In highly evacuated 
«tapl** there is still sent residual water pr e sent In neasurable quantity. 

They Anther reported tint under lew coverage cenditlona all tin water nolecules 
era bald to rutile surface If ebeadeel f e mes of sufficient strength to p r event 

fonetloa of lee clusters at 77*t, 

<# 

In nutshell, these studlaa esntlrn the presence ef hydroasyl grou ps an 
the rutile s urfac e which my tana been man entgassad at d$0*f£ 7 «**)« Per all 
pyiflf tffl unpin tn#4 is ptt§w& stu^ y^H tuyiQ h ylra y lultl lnywi 

mi Ms—. ttui ilift eonflnMMi tin ihm diislfmitilM if 

wa ter and showed interaelemler hyd rog e n bonding to he characteristic «f Mtande 
Mitttr iutottifaMl on ttt tH# k y ^m rl txmte 

S.U intile » mam interface t Before discussing the iateviaaa it le nsefel 
te have a look at tha atructuro ef water. The eeat popular nodal ptep aaa d If 
Prank mi *m**5 postulates tint the fsmntlsn ef hydregan lends in water is 
praleuinmtly s co-operative phenom e non so that In rest mean when see head 
farm several fora, ml whan me head brooks, then typiaaily a whole cluster 
di ssolv ea. this |lm • plasms ef fUimlai dusters ef realms slam and 
Shapes Jmplag te aftteaftlm sad then relsjdng at ease} half life of this stiadm 
nay hs tiatwian l®** 1 ® and li* il am. YAe dap of thma dusters hm hem 


variously pi rqioaad t tm* co-ordlnatad structures of Heaethy and 5 chenga* 2 * 
lacking long range wjululty, polyhedral eqn of end 

?M»k oai Quiet 64 ) ets.* bpiisi the rut lie- water iitwfm, m should 
expect strong chaulsorptiea of watar mst the rutile surface la the fern of 
M*««yl fimpo* Beymd ms hydroxyl layer them mold ho m oriented layer 
of eater nolecules hydrogen hmdad to the surface h yd ro x yl groups. Patting 
«» MW mag in sohsr words, the liquid phase and solid phase aso stSbly 
hrldgod through tin awttaw of oriented hydroxyl groups whim la turn lapote order 
on tin surrounding liquid by lntoraoleeular hyd ro gm bonding. The erdotiag 
process Is tetinr proootod by polarisation offset of strmg crystal field 
dm to highly charged Ittwtai iaas (Ti 44 ). this order h a co m a progressively 
weebet as no app r eo sh tbs balk voter through a transition region finally ending 
UP In i tfl i wU y organised liquid. The trmsltlm saoo oswospawds to a 
roglm of greatest dlsorgaaisatlen of the liquid a o dfam bomuao of the opposing 
ordering offsets m water ostomies of tin surfbes and of the h y d r ogm bonding 
astnsiMtiw of fUdfcnrlag dusters 37 *. This transition ngim will bo 
dharootorisod by loss ordor me is exhibited by tin bulk liquid phono sod 
tin erdsrsd surface water mlnmlos. the location of fho shear piano at which 
the sola potential Is ssasured. Is closely related to ms roglm of hi* 
structural disorder as suggested by Berube and bn iriqra 5 ^. this roglm is o 
kind of man region where tin Carom opposing the relative action of solid 
surface and bulk liquid are least. Hence the shear ptme nay oaist in this roglm. 
It is la this roglm tint ions will enter and leave the surface phase. 

Berube mi Is Hops mmmd that the dsgree of disseelatlm of auridm water into 
lydsopn and hydmarl Inns is sipdflmntly higher than that of noma! and 
difftsently structured watsr. Xn anppnrt of ms psstwime, my site the strmg 
ohaotsorptlm of untdf «t the surfim mm night bo vionod as dissoeiatim procaas 
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The dabble lay®* is probably famed In the region of or de re d water awlecules 
b a caws t of prssenes «f the dissociation products of water that is hydrog e n 
and hydroxyl Iona, the se he n at lc picture of the proposed nodel it dMm In 
figure 4* Aegis* *»* corresponds to the region of ordered wrnter aolecules 
in this region Mb layer lines. 

Since in ths pro* eat study electrolytes wars mad to study the sets 
potential of rutile* it is neeeessry to study the effect on rwtlle>4«ater interface 
due to the addition of these electrolytes, the offset can he studied under three 
different trees of interest tans t 

1.1.4 BlmnlrtMltw Intoraetlcn i As the internal field of water is 
controlled by electrostatic field of dipsos* the introduction of charged Ians by 
the addition of electrolyte to water will obviously nodifjr the field considerably, 
to esse of lens of large sixes and moll charges it is expected they will induce 
lot of disorder in toe enter and their teadsacy in gmeml can be tomod as 
structure brodhln^^*^^ > (3b toe other hand* snail ions with relatively large 
charge can orient toe water notoonlos to euah positions so as to favour sutanl 
hydrogen bonding. Those isos In gmeml con ho temed os structure preusting leas. 
Ysalow 67 ) suggested tost structure ferulng ions can fit tote Holes in duster* 
distorting but not fismpttog too stmeturo* toereas too torgsr ions ditto ere 
structure breaking apparently do not fit into holes, frank nod ivans^ have 
approxlastely oolodctod too so cdlod "Structure breaking entropy* of water 
elect rolyts solutions. their enlcutotlans on olhnli an d halide ions shew that 
the structure breaking entropy corresp o ndin g to toe degree of disorder is greatest 


far too largest ions. 

$.2.5 Electrolyte s heer plane 
hove n tend en cy to e*wl the struoi 
rutile-water interface tome is as 


u Interaction s It is egpectsd that water wilt 
nre breaking ions free toe solution, to toe 
nentlened earlier n region of high structural 



X 

♦1 

1.33 

Sa 

♦2 

1.54 

Ai 

♦8 

0.81 

2r 

#4 

0.T9 


<&•«* Uni hftottlflR irndher of m ot i o n* low tiwn is utttf gfrufif in tki 
litmtttN at <km eaa sat la mm mi tha latest review papers 71 ) on the rshjeat. 
Uni maker assigned te say ion d e pends upon the Bathed alloyed and the value 
ad hydration maker assigned te the reference ian. Following table gives the 
solvatlen maker of various lent la eater. The nethed eapleyed was adUbatic 
aanptnssIM Illy 


Ian 

Ka # 

*♦ 

Ai~ 

Cl* 


Selvatica ihgfeg^L 
6-7 
6-7 
Id 
it 


Specific ad sor b ab l llty of ian hpadi apse ita site, charge# sign of 
Shm r»e, tad hydration 74 *. Bockris et al 74 * eaneXadad for halide leas that Inereasa 
In tha Ian tlsa increases the adserptien as negatively charged aercury surface. 
VMW they faani ndau tend te adaash slightly lens than aniens. Par rutile 
Berube and ha Brayn slain that lent which asa heavily hydra te d tsnd te he acre 
specifically adsorbed than those *tdh are net an hydrated. 

Coning te aqpsclaietal carves, a eaanaa feature te all the aaavas la noted 
vis* a t law iinsMl wHna at ol oc tr alyt a nil af than tend to ine reasa tha nagatlva 
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Mta potential af to* syitM. This sagge«ta that Otm la hbuptloi 

if Mfittvi leas at law concentration of electrolyte. A sisdlar affinity far 
chloride lama haa bean reported far Zircon*®) aul Quart*®*). Affinity far 
negative ions seen «• ha itimpr far rati la and Zircon where tattle* cations 
are strongly electropositive. It aw be recalled that Cl* tone am potential 
de t o r a ln l ag fay gald iali^ . 

Results «f Irlbarni at *1*^ and Herrons 90 ) ahaw that the charge at toe 
air-electrolyte (KC1) interface changes fro* positive to negative values as the 
concentration of electrolyte la toamaeed. These results show that tha chloride 
1 mm haw* a tendency ta learn fha npi a am solution and gat adsorbed at the aim 
Id solution interface. this escaping tendency nay aaawt ta prwdnity of tha 
Cl* ioas near the rutile-water interface. 

With this kaawladga tot us pr o ceed ta dlaaaaa the experiaoatal corvee t 

5.2.7 ggt i ftps* 0 ) Cttaa aaa table 8, appendix *0») deplete tin change ef 
cats potential aa pH la m*t*d| while la Figure (18) (tibia 9, appaadix *® # ) 
affect of vaatoaa electrolyte* aa mm peiat of charge (2FQ la platted. 


Tntreetn la pH mate iatmaee la the oaaaaatmtlaa af iaaa, hmaa 
am 88* law* to *ham ptoaa msia* «d tobto toyor and thexefeie iacreane la 
itjiflm paiaattali Ittaatoa dacraaa* to pH aaaaa laomana to 8* lea iimemtiatlaa, 
hence torn negative charge. to Hgm to aaa am aaa that effect of SCI am 2PC 
to itt|kA» u hawaa iaCtj aad Zt0®|)4 ahaa^ it eoasidertoly. the aftoat af 
I, ppmat than tom of »***. tola ahif* to we a* mvtotaed by Smtoa m* 

»» W*** m mfgmta the pacific adsorption of paaitim tons to to* interf aci.l 
ga^toB at them caaorntmtlco* (18*® 8). tor Ed thorn la aa aa* awldeaa** but 
aa Htator aad Mm 7 ** amttoaad, to* ahift to ZFC than# a aaaptoto condition 






Vv# 4. 1 v %■{ J i i( yi'^ v | ■ 51 ' 



EIG.10 VARIATION OF ZPC OF RUTILE WITH pH 
IN DIFFERENT ELECTROLYTES. 
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•£ specific adsorption, i a hi « Homof eoRditiss, At cwenintim ef 
1®*^ N, there Is witeM of adsorption of It** and Zt**** ions, 

ftttt oarlior wo hod notod feat negative ions in getting adsorbed at law 
wacMlntiiat for nil electrolytes. The possible uyUMtloi tor tills type 
of behavior c ould bo that cations «n isptUal and anions attnetti in law 
concentration of electrolyte because of strong positive electrical field in 
the Interfoeial region duo to Ti 4 *. It is not impossible to inagine strong 
positive oleetrieal Hold in tho Interfacial region because this field nine 
helps in evisnting the water neieonles as nsntisnad asrlier. Only at higher 
eoneont rations ef electrolyte do tho cations news in tho interfadal regisn. 
this being probably dns to tin shielding effect provided to the catlens by the 
already adrafei aniens. A slniUr phoaanaaon has b een obso r v s d by ftwHs and 
feerstmsn **) tor quartz la Nad. Increasing the conc an tro t ien ef Keel till 
sheet 10** eqo./lit. increases the negative potential suggesting fee specific 
adsorption of negative ions, bet ferther increase decreases fee negative 
potential suggesting fee specific adsorption of positive ions. 

U.I Petesston chloride « figure S (Also see TCble 4, append!* *6*) shows 
feet tetn potential ttengss to note negative vetoes as esnesntratlen ef Kl is 
increased. This Is ejected boeeaso Cl* ions being largo then I* will have 
none structure breaking tendencies. Hence concentration of a* Ians to fee 
sheer plane region should be sere coopered to I* less, toe to this Ufen 
concentration, their concentration to fee double layer soften should be were 
end hence nsce negative potential Is registered. The addfelseal effect toe to 
the strong electrical field around Tt 4 * tone to lettlee in nice eaatnitwtecy 
f $ fftMl 

5.2.9 teuton chloride t figure 4 (see else table 4 # appendix 't») shews feat 
•Mn potential increases to wore negative values as concentration ef teCl 2 la 



increased. ^ *1*P* ^ ^ wm am en ««• that initially ntt of 

1»WMM In negative potential Uamnlt)» starts decreasing «t hi* 
eenoBtratlM «f BaClg. Initially am a" iau an tatting «4»« ba< by tin 
»t*i«i«y| |lvn la laftla (5.2.7). the itnetnn bnakUf tendency of 

(higher valency sad law siso) appease to ha lass than that of a* ions 
(Isa valency and higher sits), yet ia?* leas an note hydrated; so das to these 
oppoolag trends the potential should tend to stdhUso as the oosoMitrstlaa Is 
laasossod beyond « stags of Initial adsorption of ©T law. This stsblisstien 
is ohsorvod at hl*er oosontrstlon (10* 4 M) In figure 6 when the curve tends 
to flatten. 

5.2*10 Alwdsiai Qhlonds t The charge on Al 5 * Ians Is nose than that af 
chloride lons # lie aisa Is lesser and hence probably Al 9 * Iona ere mm 
stmeturo- prou o tor i thaa 61* lent* tt 1 * loan are hsarify hydrated then 
Of loaa and (Mean should be preferred In doable layer region • of tonne 
often tbs initial specific adsorption of Cl* ions. Hence Initially negative 
potential will In cr e as e and titan aa concentration la tnasoaaad the negative 
potential tilli dec rease due to in co rp o ration of Al 9 * lone In the interfadnl 
region ns refloated in ttgne 11 (Table 19* appendix *0*). 

5.2.11 Slreanlun nitrate t Hollering the afntlnr re a son ing aa above* la 
Figure IS (Tiblo 19 appendix *9») ana seta Initial laenaaee la negative potential 
due to specific adsorption of MQg Iona being followed by intense adsorption of 
It 4 * Ians giving n dsarssss In negative potential which finally bo aan oa positive. 
Sr 4 * Ians then* better structure pronotora than *95 (low valency, high also) 
yssMw i strong kydrstictt tendencies and hoaee tbsy will bs pr efe rre d In cbaible 
layer region. P a yed the oonoantvntlon of S * 19*® M of Sr 0fOj) 4 » the sots 
potential tends to hocoM oonstsnt, Sr 4 * being Mall lane nth hi* charge nil 



-3 


-5 -4 

Log of cone of Alctg ( M / tit ) ► 

iG.11 EFFECT OF ALUMINIUM CHLORIDE CONC.ON ZETA- 

POTENTIAL OF RUTILE , 
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*• tartly hy**at ed. After certain concentration of Zr(NOj) 4 , ta interfacial 
region is probably Stapled fey to its fttll capacity art Ha rt ta r 

increase has a# offset, 

s * 2 * w Tetra-Sodiwa pyrophestate « the start* •»* siso of F 2 o|“ loss is andt 
than Mot tens, homo it appears that tali Ka* art P^ ions nay ta* 
idmllal structure breaking ttaadsi. As s result of this conc e ntrat ion of 
*2®^* art Ms* lens In shear piano region will ho probably sons, However* it is 
o^ootrt that PjOj* ions Mill ho hastily hydrated ttai Ha* ions taco shoal* ho 
profane* In *o*hlo layer region. Those offtas am farther compounded hy the 
attraction of the negative fjflJ* Ians ts the strongly positive surface of rutile 

Hm. tte MM. rf V$* 1— to to. M.1. tor« 
shoal* Increase aa the eonaostratlaa of elaatmlyte Is increase* which nasns 
Inomaso la n agative potential aa mfloota* in Figure (IS) (see also tale 1I # 

1.1,11 SodjuaQisa&s t The results with Nasi an* naartsais am not ho os p l si ae * 
on tho basis of tho thorn tatty* Oleate Ians holng very large art hydm p rtb ts 
will tart to sdMih an mtilo anrfaoa nem tan any afar ion* tat* Ions tag 
negatively ehargt* should increase nagstim potential aa a a ns n wtmti an of Heel 
it Inomssrt aa coa ho soon In lipn 14 (This II appendix •»•)* This ftpis 
also taws ta offset of aaa»ieaie Mast os ta sots potontinl (see tale 12* 
appendix *»*). Non-ionic la ta tanosatmtlcn of Iff* 4 N ta littlo offset* At 
higher concentrations (IT 4 >0 hommr tarn will ho co-adsorption of oleete art 
aan*iosio tains. This ta been poatulated hy Sansal 1 ®*. This co-adsorption 
increases ta s l s s spt lan of oleate lam* slmo it mtaos ta sspolstm between 
two al oote Stans* At s concentration of Iff 4 IV of non-ionic ta inastma In 
nisotptlan of obtain Ism as reported hy tarns! is rmy loss, taws ws should 
expoet at low *tata«sa»tm of mn-iealo lessor offset* and at higher 
c a ncontmt i am considerable increase In negstive potential (vide Figure 14). 



Zeta potential (mv) 










FIG. 14. EFFECT OF CONCENTRATION Of SODIUM' OLE ATE & NON- IONIC ON ZETA POTENTI 


OK/OTIS ft r^MfHiexOBS 


*•1 potential t The present ml m carried out l» tt«^r 

the cosparison of MU potential values obtained by MflewtiUai potential 
uti > lwtW|A wf»tic uses tmsfHert analyser. The comparison la good la semi 
ernes and Is si tinea mgr sot ^ffnaat. This 1s due is inherent difficulties 
experienced in tin amwamt of *»», Tbs chances of err or s mo too nany 
and esperineatal difficulties am oro us than other aethods. Tho method ado p t e d 
far finding weight of astoriel between electrodes appears to bo am reliable 
titan other aHMI hut ro o ds astro experience to handle besides being cuabesseaw 
While CBopering with c^, it aeo n s that aa dsaaH nl equations regarding 
*8f* mo correct with in oxporlmntal error. Tho e q ua t ions cm bo applied wit 
reasonable accuracy, if tho concentration of electrolyte Is very hi# and the 
partial** am snail ones# so as to settle dam slowly md giro a stable pater 
but hop aeon# as cupmd to the thickness of doable lays** far batter re« 
the particles should be in law concent ratios* In solution besides being as null 
in slsa as passible. 

Tho goomtsy of particles is tbs slsa ranges eansldeied. seam to ham m 
effect so ths empmissn of ^ md c*« • Thou# glass bands ware perfectly 
spherical and rutile of all odd shapes, still csupstlsm for rutile is m gee* 
that far glam. 

M Blaatroohorotic nobility of rutila * Tho present weak is m extension < 
tombs and fin Bruyu’s 5 ** 57 ) weak. t» *hich they worn interested is the dsablo 
layer fhiiwsflisi aid net ouch concerned about the dear plane an rutile surf a© 
the present weak la nslnly asncszasd about the electrablnetic phmmsnan and 
banco the shear plane. In the eeriest *My, a probable location of shear pi 
baa bam mggsstsd. atdb Is at sous distance beyond the solid surface in a 
region of greatest disorganisation of the liquid nedittn. 


This disorder aria* 
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Inmmo* ef the opposing ordering effects on water eolecules of the surfaee 
amf hydr og en MU| co-ordination ef the flickering clusters. The 
Incorporation ef various less la the sheer pleas region sad doable layer 
region depends upon the specific adsorption ef lens and interaction betwe en 
Isa and ester aelesslss la the talk. Behavior ef the rattle surface la 
pr ese n ce ef verieas electrolyte solutions has been espial nad la terns ef the 
pro p erti es ef settees sad anloas vis. charge, else* hydrstion, compatibility 
with weter structure, as well ae valency sad possible electrostatic interactic 
with th# Sdlli fulstfftt#. 

tinea adsorption studios ears net carried out. It Is difficult to give 
farther justification to this asdsi. Further*©*®, asatsse as the ftnpurlty In 
the rutile saaple complicates the situation. 


flotation behavior ef rutile «dneral in cellecter • eodifioT systou (vis. tasi 
electrolyte solutions) any he ventured. 



u 


*!*• K*tcheaer.*^elleidal ntaemls i «Mm 1 aspects of tfcolr dispersion 
flocculstion and filtowtlcn". Mltr. Sspnv. 6 (S), p 5S3» 1969. 


‘ft***** »eddtck.”Cont*el nf eoildd stability through rets potential*. 

J» *«i^W»«Ur tMUM, liviafttiiR Publishing Ciwjiwy, Ft. 

its®, o.s. a. 


*. *. Bow, Wed. Am*, J8,p 46 , I860. 

4, 2. Steolt, hu, ft«i «U«, Knkan, 

6) * (121), 1913 , b) A (95) , 1914, 

•• J.D. C^iist mA 8,1, Mm. *A study in olactroklBoties" l t An. Hm, 
SM., £, p SIM, 1949. 

6. 6.A.H. Elton «rf Cl. BaUs, "Detonsijiatlon of flMsaUwtlc charge mad 

pMwtlel by sedlneststlon aathed - tart 1. Silica in Aqueous Mhrttm e 
8C1 1 *. J, Qm. Soc., p 296, 1952. 

?• Ibid, * ibi4 • tart V. Silica la mm Ifwaa nitrate solutions". ibid, 
p 3099, IMS, 


#• 6,A,H, Elton mA P.8. Wufihlw. "ibid » Part II. fywmt plana in Aqueous 

m solution *. 1814, p 2983, SPSS, 

9. G.A.H. Elton. "tlo ctr e vi sos sl ty III. Sedlnoatstien ph on own mi la ionic 
UptUf. Pvoc. tar. Sac., 197A , p S6S, 1949. 

It. 8.A.H, Bltoa Ml 1,*. MitMoll. "DotonUstlon of elactraklaetle tap 
oa4 potential by sadi aa atatAan aothoA Part fl. Csrboru n dua la aqueous 
solutions at tone univalent electrolytes”. 4. Chon. Sea., p 3690, 19SS. 

11. RJK. 9.8. Ch e ndhury uni P.K. 8a. ”Bvaluatiaa of true seta potent! i 

if the particles of glass f owing a di aphwgn fron naaanwaanta of 
ify aa atn p potential*. Tms. Farad. Sea,, SO, p MS, 1954. 

12, 8.4,8. Stan nai 2,9. Peace. ”Sa4inaBtatiea potentials Part 1, the 
a a aiww a nt at aaiiaantatiaa potentiate la naan aqueous aa4 nan amuaima 
nediaf*. 4. Chan, Sea., p 22 (1), IMS. 


H* 2.1, Pa a ta «4 8.A.B. Sitae, "So d iaent atlan patantials Part 2, 8n 

detendnaticn at the seta potentials of tana solid surfaces in a que ous a 
by use of ledfnant atlon potential nwaurenunt* . Ibid,, p 21S6, I960, 

Id, Ci. Ray* •taMtafttei of mu potential of quarts particles la dilute 
solutions ef SCI", 2. Xnd. Chan. See., SS (11), p SOS , 1961, 



47 


15. *,P. Seated and ft.lt. Mara. «Creaa-pho» a— nolaglaal <Mttd«att.r«it 7 
SlMtnphamii and aed laontit loa potential”. Tsana. Farad. Sac., (8, 

p SS4, 1967. 

16. IMI. 91 ibid. Past 9. Bbetnplmtit and aodinontatloa pountitl In pyra 
aaataa and pntHntar ayat o m* . ibid., 62, p 2936, 1967. 

17. J.l* Cohen, S. Srlnlvasan and P.M. Sawyer. %tandutlai af fittnanrrHi 
potentiate af oalaa eathreeytee". Af* ideas af Bioebedetry and 

lid, p SS6, 196ft. 

IS. S. Grotiaa and J.ft. Made lay. mutlai bat ma n tbs cats potent ial af and] 

*US fitllitKM WUfl Imtti ftUfStl”« 

1. ftp!. Own., 12, p 491, 1962. 

If. 6. Purcell and S.C. Sun. *Sifdfl«am af double bonds In fatty add 
flotation. A flotation study*. 

Tirana. AXMI, 226, p 6, 1962. 

2ft. Ofeta After ad decaf Velgl. "Influence af da electxokinetlc charge of 
inorganic fillers an different pxaeeasea af paper mklag.I. Zeta petandi 
af paper ftllan In a pra » < mapnal w P . 

MU. Papier fabr. (gen) 97 (19)* P SS9, 1969. 

(C.A. 7|, 72124 I, 1969). 

21. 1.1. Upa, U« Mitaberg and 2.A. Bedledch. -Bla etr o phor o sl* af titan 

WkWmm m I IUSpiliSl«» Sp9W> •WBHiW”* 

Lakakerasoch Near, lift Priam, (ftuaslan) , p 21, 1966 (S). 

(C.A. 66, 222«9 p, 1967). 

22. P.I. Madvadav. "Detordnaticn af ihe eloctraklnatic potential af partid 
af prepared eeliP. 

ibid. 1962 (6), p 29 
(C.A. fft, 9627 1, 1962). 

22. W. Msenaa. "A dafOMilact r op horoa ia appara t us far the investigation 
af piped suspensions”. 

2. Ml Qatar Oca. Assoc., SO, p 54S, 1967. 

24. P. Tokina and T. laaannu "Electrophoretic nobility atadiaa af eellddal 
partielos in ptaaaa salutians af radons phosphates”. 

STde. Oil Chan. Sac., 46, p 29ft, 1969. 

2S* T. Mnrinoto and H. SaJceeote. "Ihe electrehlnetl* potential sad cnrfuc 
addty cf tttadne dladdaP. 

Ball. Chen. Sec. Japan 26, p 1369, 1963. 

26, Hid. Da alcotrakiaatic potential of tltadaa dieddaP. 
ibid., 37, p 719, 1964. 


I». Infoxnatioa Mia. Electrophoretic mms imiport analyser. 

Nuninco uedel, ISC - 1201. 

40. It. Stmt amt M. Sttdbaam. "The am potential of knolinite particles**. 
Bast. 4f« at Cheat*. 9, ji. 4®#. 19lt a 

41. R.K. Meegy. "BflMt at electrolyt as on the stability and sets paUatial 
Of eaulsiens". 

J. HO. dm, See.. Jl (4). p 291. 1964. 

45. S.I. Kajljl amft Own. Basal. "P roper ti es a potassium oloatsP. 

Sd. sad Culture (Imtia) U, p 266. 1962. 

48. M.L. Hoggins. "The crystal i t aw t ai * a t anatase sad rutile, the 
tet r a gon a l fern aat tltaalun dioxide". 

Phys. Review . 27 {!). p 626 , 1926. 

44. B.T. Cvamr sad K. Harrington. "The structure at anatase and rutile". 

2. te. Owe. See.. 77, p 4796. 19SS. 

«• nuckel. "Structural ebedstty of inorganic compounds. Vel. 2". 

Elsevier Mb. Co., H.Y. p 662. 19S1. 

46* 6. Cmenmart* "The crystal struc t ure mi cuprite and rutile". 

Ml* Nafastaa. 46. p 664. 1924, 

47. Y.V. Neely . A.P. Herring and B.tf. feerstsnaa. "The effect at crysta 
gtyilfiftiyt 4tn SISffm llfnmrtiM & MfiM ftf —IMtt iW dllttUl >, s 
2. Cell. Xatf. 8c.. 21, p 486. 1966. 

46. It. Ytelphen. "Introduction to ally colloid chedstry**. 

Xntarscienco publishers ,p S6 . H.Y. 1966. 

49. T.6. Malay sad M.f. Mott, "ffea caataat b atman a solid mtd a liquid 
alactrolytO". 

Bias. Pond, Sea.. 1* p 6. 1947. 

69. A.S. Buohaian and B. Hapa* "The elect reilaatla potential mi spsringly 
soluble sulfates • I*. 

J. Cali. Sa.» 4, p 167. 1949. 

ft. JUS. Bahama. 

<2. Shea. fhya.. p 66. 1941. 

52. 9,1 fAirmt* and A.8. Buchanan. "la electrokinetic study by Pa stxaauli 
pataatlal a st b a l at ian exchange at oxide aiaara surface*", 
test. 2. at Cfaeeistry, 10, p 892. 1957. 

5S« B.S.WaDnuald. "Study of tbs intersetien batm a n hydroxyl groups of aereeJ 
alien and adsorbed nan-polar uolecules by lafru-ted a paatre n atry* . 

6. te. Gbaa. Sat.. 79, p «9. 1957. 



so 


S4* d.B. Pate and U. Human. •Sarfa m hydroxyl gimps <n y-Akmkw#. 

J. Phya. am., 04, p 1526, I960. 

SS. (U. Young. "tetewtion of mir vapour via alliea surfaces". 

I* an. Sat., W, p 07, 1958. 

SO. A.S. tmhwsn and B. Sqm. "Tbs electrokiiietic potential of Sarins 

Proa. lap. Sec., 195 (A), p ISO, 1949. 

57. 9.J.C. Yates. "infra-red studios of tbs sorfice hydroxyl groups on 

tltastas dioxide nod of the chmisorption of osteon mnoaddo and eateoa 
dioxide”. 

1. fbys. Ohm., OS, p 740, 1901, 

SS. K.B. tents and 6.0. Parfltt. •‘Infra-rod study of the surface of tea 
mails**. 

Trans, farad. 80 s. , 02^ P 784, 1900. 

59. 04 1. Mis and ». tekanau "Boat of taasraioa. S, The tiOg-BjO cystea- 

vavictien with particle stma and out-gassing temperature”. 

1. Pfcys. Own., OS, p 1081, 1901. 


00. J.N. Mays nod 6.6. tea#. "Huclear napwtic rosoaaaoo ohsoxptlen by 
%0 on TtObf. 

1. Chon. Plays., 2S, p 583, SOSO. 


01 . 

02 . 

OS. 

04. 

05. 
00 . 
07. 


8.9. Prank and 6.T, ten. "ten solvant interaction, structural aspects 
of lon-solvoat interaction in aqu oo us solutions t A ouggoated plcturs af 
water atanitt awr. 

Mss. farad. Sea., JW, p US, 19S7. 


and H.A. — 
1 . Pate I. A 


*1»SBPpP 9m 




aad hydrophobic beadlag 
t prope r ti es of liquid 


L. Pauling, "The nature nf ten cnontmt 
ted Bd. p 472, Comall Hair. Proas, ltesan, ll.T. 1900. 

M. S. Prate and A.*. Unite. "P«llag*e nodal aad tbefuodyncuU prapovtioa 


Mm Chon. Phys., S4, p ted, 1901. 

a ( s ( tesnsf. •fates p r o c es ses in scluttooP. Chop. 10, Mb6hm Hill Betel 
Cap. tec., B.T., 19SS. 

UU mhrnrn aad *.«*. States. "Electrolyte solutions". Chap. S, Bnttar- 
tfortfce i oada a , 1959. 

P. Vaslow. "the ©rUntetien of eater nolecules la tba field of an nlbnli 
J. Pbys. Own., 07, p 277S, 190S. 



SI 


#8. 

oWe#, 

79 . 

n, 

72. 

n. 

74 . 

78 . 

IS. 

IT. 

78 . 

79 . 
•0. 
SI* 

ss. 

ss. 


6*S^IMi md M.V. Evans, "free voluas and entropy In c onden sed system. 

S. Entropy in binary liquid Hiatuses) Partial nolal ant ropy in dilute 
Wirtl<n i£ rt iwituw and tblM^aola in aqueous electrolytes". 

*• -totto toys., IS, p 807, 1945. 

**** HSfci* •ttn iiMlwtiie points of solid oxides, solid hydroxides and 
mpmmrn hydrate cooplex system*. 

ISNm* reviews tt, p 177,196$. 

*lliwfcoait of elestrecfieul cal constants'* , Parsons, London, Butte mortis 
Sol* Pub., p).S t I9S9. 

J.P* Hinton and E.8. Mi, 

Chon. Reviews 71 $5), p *73, 1971. 

J, Padova. "Solvation nuabort of ions fren ceapresaibi lities". 
toll. too. Come. Xsr. Soe. A 10, p 63, mi. 

V*S. Corey. "Adiabatic eoapressibl lities of sons aque o us ionic solutions 
and thoir variation with indicated liquid structure of the water". 

Pby*. r a d o n s 64. p sso, ms. 

J* 0*1. laAnii, M.A.Y. Devsnethsa and K. tfoler. "Qa the structure of 
charged interfaces". 

Tree. toy. Soe., 274, p 58, 1963. 

V.K. Bonsa i. "Collect or>Prother interaction**. 

**. Tool* Dissertation, Dept, of totaltorgr, X.I.T. Kmpurwl*, Indio. 

R.7. Hunter and H.J.L. bright. "The dep enden c e of olootrekiaotie potoatia: 
m MNUimin of electrolyte". 

J. Coil. Istf. Sol., 37 (S), p S*4, 1971. 

T. W. Nealy ad 9.V. Puersterout. "The ea ddo-wator interface - Interaction 
of aim pdflt of Cbsargs and to boat of tnawlof. 

jr. Coll. Set., ^ p 578, IMS. 

M. ton tobtosto* "Graets, Henbuch dor elektrisitet tod des togaotjaua 
XI, tdpslg, p 34*, 1914. 

8.X. Kruyt. "Colloid Seienee". Vol. I, Elsevier Publishing Go*, p 313, 19 

ibid, p as*, 
ibid , p sot. 

T.N. lions and M.I. Pope. "The effect of conditioning agents on the surfac 
trontontlrltf of nowdors. la rolotien to oloetrootatie separation* 

Psna* of 9th international Mineral processing congress p r o cee d ings, 1979, 
Prahn, Csacbealovdkia. 


6.K. lewis and 6.A. Linhart. "The degree of lenisatlen of vny dilute 
electrolytes". _ 


3 , An. Cheat. Sot., 41, p 1954, 1919. 


I. i. T. SANPUH 



SaL. U8SAK 


S3 


84. E, taekol 

Thys. 7*» 3S» p JWj 1924. 

SI. ».C. Meaty. *lha ilMlnilmwIi of fuaponded particles**. 

Trot. Pay. See., A3UB,p 106, 1931. 

•ft* V.C. Manly. "»• alo otrophor a sl s of suspended particles • Part XV* 

The surface conductivity effect**. 

Trans* Tarsi* Sae*, 44, p 1031, 1948. 

87. 7* Booth. "The cat aph a raa ls of spherical, solid non-conducting particles 

Is a STwaetiiiial electrelvte**. 

Tree. Key. See., A 203, p 814, 19S0. 

•8* 8.0* BUAt. H Studies as solid- liquid iuterfadal para— tors of sireea 

ia relation fa i ts flotation response^*. 

Th.O* dissertation. Sept* of Metallurgy, X.X.T* Kanpur. 

49* l.Vi Xribami, M. Kl ans a and C*L* Yip. "Da electro-kinetic ph a noa n wa 
involving the water-air interface". 

3. Bleat roawalytical Chen*, 24, appl* 11, 1970* 

90. 2*1. niraaas. 

Bee* Vrm. Chin., 60, p 747, 1941. 

91. A.M. Oendln end M* hantnai. **Qaarts flotation with anianie collector 
TTans. AH08S 202, p 66, 1985. 

92. kJ. Rnt^ora sad M. Ha Snot. "Researches on oleet ro s n d osnosi s**. 

Tran. Tarsi. See., 41, p 758, 1945. 

98. M.J. Nail and 0.«. Puerstanoa. "StTosadng potential studies of eonaAaa 
In a qaoo aa solutions of inetgsnle electrolytes". 

J* Thya. Chan*, 61, p 640, 1957. 

94. A.*. Manual **7hysical eh e nis try of enriaeos 1 *. 

Second od., lateracienoa Publishers. 1967, tf.Y. p 220 and 280. 



sizmc Muut&is qy mm $m glass pamioes 


IMlili. 1 t Slaifti w«lyil« of ilw warttttoi 


CUM Is H«m» 

C1T * <*.) 

Nuober of Particles 

INMraMt rtf 

i.O 

238 

7.330 

7.5 

ms 

40.109 

10.0 

508 
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I/I, 

3.24 
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2.19 
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1.44 
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1.4SS 

S.S 
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2ft 

ft (ohns-GMS.) 

2ft (Of) 
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3.7 « 10 s 
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3.012 x W* 

-23.12 

l®* 4 

2.2 « 10 s 

-24.58 

3.012 x 10* 

•22.04 

S x l®" 4 

2.45 x It 5 

•32.52 

2.10 x 10* 

•31.03 

If® 

1,1 • h® 

•27.42 

1.17 « M* 

-44.70 

s * i<r* 

1.1 * 1# 
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9.18 « » 4 
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9.3 * I® 4 
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2 * ir 4 
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«... 
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27 to)* 
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1 (At ai.) 
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0 

4. OS a 10 s 
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IT 4 

5. OS a 10* 

•26.02 

1.44 a 10* 

-28.42 

i a ir 4 

. — - 

— - 

9.3 a l® 4 

•34.47 

IT* 

1.58 a 10* 

•27.23 

ft.® a I® 4 

-34.74 

i«ir* 
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S.f a I® 4 

•44# 44 

$ a W 4 

7.5 a I0 4 
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4.0 a |® 4 
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— 
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m 

2.7S a I® 4 
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KCI (pH • 6.7 * 0.1) 

B*&2 (J»H - 6.9S 6 0.1) 

■3QSQ| 


1 (rti <■.) 
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0.8 a 10 4 
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I# - * 
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-35.33 
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Z*t* potential (if) 
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♦ 19.31 
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9.3 
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W/Ut.) 

PotMilui chloride 
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0.SS 

o.ao 


s * to * 4 


0.79 


0.49 




<W) 


mamix w 

m wj»cn« •«»« mmis a*d glass im kci ahp b«ci 2 . 

* ••** * 1(r4 «•» * fUM • * ir 4 «. 
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* 2 (cm.* 2 ) 

**wtila 
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♦ 
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19.4 
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• 

929.90 « 10* 

49.4 

79.9 
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# 

10.99 v 10* 
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s i* lir 5 
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• m ir* 
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99.9 
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90.0 

11.4 x It 4 

S3,? 

30.0 

S M 10 4 

m*9 

IS. 56 x |# 

?3.9 

129,3 

If 4 

9T.S 

30.92 x |0® 

105,9 

102.0 

S X lorS 

Mil 

91,54 x 19® 

102,0 

314.0 

% niff* 

95.5 

143*0 x 10® 

ItttO 

392.0 

« x 10 4 

94.0* 

239.93 x 10® 

294,0 

519.0 


93,9 
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329.0 

300.0 

2 x ir 4 

92.S 

S.00 x l# 
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APPENDIX 6 

smimnmm poratriAL m iag»anwnnc wwimv calculations. 

W Bsplorlst Quirt and Waahbmn«s nathod j 

Ttae taken by particles to fell in UstUH mM* 

. * 2.38 hc./oi. (mrt|i of 70 

tawt ef eellds flowing tfcreu£t stopcock ‘fj* * 9.0227 gee. /sec. 
Distance bo t o on the too o loot rodeo • 12.59 os. 
flat taken by particles to fill through t distance of 12.51 cos. 

• 2.31 m 12.59 - 30 see. 

Therefore weight of solids be twe e n the e l e ctr o des ■ 3® o 0.227 • 0.48 gos. 

Specific xesistsnce « 3.7 « 10 5 ekes. 

Pear wtor t Vlseoelty (*)••§» 19~* poise. 

Dielectric constant (0) * 80. 

Density of solitfs (0 * 3.24ft, 

Density of water st 27*€ « 0.995 (4*) 

Ares of Hie tube • 19.44 an. 2 
Sedlnentatloa potentlel developed <!) • - 47.97 * 10* 5 f. 

Pro* equation (1) (soet&eo 4.3.3) 

• B « 4e* Ad 9 » l# 14 

, , 5 . — • - 37.92 df. 

9 1 W {d • ds) 9 

M ■Mfr* mm*&L2aus ^ » 

Mess per nil velana • 8 l©* 5 gns/en. 3 

gp e d fle ro a lat anoa • 3.7 * le" 3 daw. 

Sedlimitstisn petoatisl developed » - 29 * HT 3 7. 
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9tm (3) (iMtbR 4*2.2) 


1.0916 * 10* I 4 
{ » — - 

KN (4 • 4 $ 


• - 22*99 rif, 


If l intwnhw itlc ■ability mthod $ 

Oniwt £i) * % * I®* 4 mp., t • 600 UCmdS. 
Cwnumtiaa of portttlM 0$ * 9.91 g»/ca. 3 . 
OMAgo In ml#it tUf) • 9.4S49 p». 

FMltlW T»*t. • • i • - 5 * l(T 4 «p. 


Pm oqtiitlMi (4) (motion 4.4.2) 

U«M 4 «1KU>4 

6 » — ■ 

i « t «9 » (4 • 4^ 


« - 24.S9 wN. 


mm a®* 


